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Abstract 

An  ever  shrinking  Research  and  Development  (R&D)  budget,  coupled  with  a 
widespread  perception  in  industry  and  government  that  the  nation  is  not  realizing  an 
adequate  return  from  its  substantial  investment  in  the  federal  laboratory  system,  has 
paved  the  way  for  an  increase  in  the  transfer  of  technology  from  the  federal  laboratories 
to  the  private  sector.  However,  the  increase  in  technology  transfer  comes  at  a  price  as 
each  federal  laboratory  with  200  or  more  scientific,  engineering,  or  related  positions  is 
required  to  have  at  least  one  full  time  Office  of  Research  and  Technology  Applications 
(ORTA)  position.  The  objective  of  this  research  is  to  determine  the  indirect  cost  of 
performing  technology  transfer  by  identifying  the  resources  consumed  by  several  key 
ORTA  organizations  and  the  activities  performed  within  these  organizations. 

A  previous  research  effort  into  the  direct  labor  side  of  technology  transfer 
activities  identified  several  steps  of  the  Transfer  Master  Process  which  had  little  or  no 
resources  expended.  It  was  hypothesized  that  the  ORTA  organizations,  which  are 
considered  indirect  labor  by  most  costing  methods,  would  expend  considerable  portions 
of  their  resources  on  these  activities.  This  hypothesis  was  proven  true,  as  all  but  two  of 
the  identified  steps  consumed  a  significant  portion  of  the  ORTA  resources.  The  two  steps 
that  were  insignificant  deal  with  the  collection  of  revenues,  which  either  take  little  time  to 
complete  or  were  performed  by  the  financial  management  branch  of  the  laboratory 
instead  of  at  the  ORTA. 

It  was  also  hypothesized  that  comparisons  could  be  made  among  the  various 
ORTAs  to  determine  a  “step-wise”  level  of  resources  expended  based  on  the  amount  of 
technology  being  transferred.  This  hypothesis  was  proven  false,  however,  as  there  was 
too  much  variance  in  resources  consumed  to  technology  transfer  activity  level  among  the 
ORTAs  researched. 
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TRACKING  OVERHEAD  ORTA  COSTS 
IN  TECHNOLOGY  TRANSFER  ACTIVITIES 


I.  Introduction 


Overview 

A  significant  portion  of  the  United  States’  federal  budget  is  spent  on  research  and 
development  (R&D)  in  federal  laboratories.  The  federal  government  contributed  36 
percent  of  the  United  States’  total  R&D  budget  in  1995  (Healy,  1996:  2828).  However, 
the  percentage  contributed  by  the  government  has  declined  in  recent  years.  The 
government’s  share  of  the  U.S.’s  overall  R&D  budget  will  be  the  lowest  on  record  for 
1997  (Holden,  1996:  1471).  The  1997  federal  R&D  budget  approved  by  Congress  did 
increase  slightly  from  1996  (to  $74  billion),  but  it  did  not  keep  up  with  inflation,  a  trend 
that  started  in  the  late  1980s.  The  outlook  for  the  future  is  even  worse.  Projected  R&D 
cuts  to  obtain  a  balanced  budget  by  the  year  2002  are  approaching  20  percent  (Long, 
1996:  24). 

As  federal  R&D  dollars  continue  to  dwindle,  the  agencies  that  use  these  funds  for 
research  must  obtain  the  “biggest  bang  for  their  buck”.  One  way  to  reap  the  biggest 
returns  from  the  R&D  dollar  is  through  technology  transfer  (TT)  activities.  The  Air 
Force  Material  Command  Technology  Transfer  Handbook  defines  TT  as  the  movement 
of  technologies  developed  for  or  by  the  government  to  the  private  sector  for 
commercialization  (AFMC,  1995:  B-l).  The  goal  of  TT  is  to  promote  the  use  of 
technology  originally  obtained  for  military  applications  in  the  commercial  sector. 
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Although  this  goal  is  shared  by  a  related  term,  defense  conversion,  TT  should  not  be 
mistaken  as  such.  Defense  conversion  includes  the  shifting  of  resources,  including 
funding,  from  the  military  to  the  private  sector. 

Despite  originating  as  early  as  the  1950s,  TT  has  only  recently  been  emphasized, 
particularly  within  the  federal  laboratories.  A  survey  of  1,000  US  companies  found  that 
government  laboratories  were  among  the  least  important  sources  of  leads  for  new 
products,  and  among  the  least  likely  to  be  chosen  as  a  partner  for  cooperative  R&D 
efforts  (Healy,  1996:  2828).  The  challenge  then,  is  to  make  the  government’s  investment 
more  valuable  to  commercial  industry,  and  this  can  be  achieved  through  TT  activities. 

However,  these  activities  come  at  a  price.  Each  federal  laboratory  with  200  or 
more  scientific,  engineering,  or  related  positions  is  required  to  have  at  least  one  full  time 
Office  of  Research  and  Technology  Applications  (ORTA)  position  (AFMC,  1995:  C-2). 
It  is  the  function  of  the  ORTA  to  determine  which  R&D  projects  may  have  potential 
commercial  applications  and  engage  in  TT  activities  for  those  projects.  It  is  within  the 
ORTA  that  the  majority  of  overhead  costs  related  to  TT  activities  reside.  An  objective  of 
this  thesis  will  be  to  track  these  overhead  ORTA  costs,  so  that  a  better  realization  of  the 
costs  involved  in  TT  can  be  obtained.  These  costs  can  best  be  tracked  through  activity- 
based  costing. 

Activity-based  costing  (ABC)  is  an  accounting  system  that  allocates  costs  to  a 
product  or  service  (in  this  case  TT  activities)  based  on  the  resources  they  consume.  It  is 
particularly  useful  when  dealing  with  overhead  costs,  which  have  been  traditionally 
assigned  to  a  product  by  some  physical  aspect,  such  as  size,  number  of  parts,  or 
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production  volume.  It  is  hoped  that  ABC  will  help  to  determine  which  TT  activities  are 
the  largest  consumers  of  ORTA  resources. 

The  Issue 

Why  the  need  for  TT?  The  main  reason  is  to  generate  the  best  return  from 
research  dollars,  especially  in  light  of  the  probable  huge  budget  cuts  anticipated  in  the 
forthcoming  years.  Federal  spending  on  R&D  in  fiscal  1995  was  the  lowest  in  real  terms 
(adjusted  for  inflation)  since  1983  (Healy,  1996:  2828).  The  outlook  is  not  any  better. 
At  a  recent  Science  and  Technology  Policy  Colloquium,  it  was  reported  that  non-defense 
R&D  funding  will  be  reduced  by  11.7  percent  by  the  year  2002  under  the  Clinton 
administration’s  proposed  budget  plan  (Agres,  1 996:  1 0).  Areas  hit  hardest  by  this 
proposed  decrease  would  be  Department  of  Energy  (18  percent  reduction  by  2002), 
NASA  non-defense  programs  (17  percent),  and  the  Interior  Department  (28  percent). 
These  proposed  non-defense  R&D  budget  cuts  will  be  felt  in  the  defense  laboratories 
also.  According  to  Carey,  there  is  real  potential  for  fratricide  among  military  and  non¬ 
military  users  of  R&D  dollars  over  the  few  dollars  that  remain.  Companies  might  be 
tempted  to  make  a  grab  for  national  laboratory  dollars  to  offset  cuts  in  federally  funded 
private  sector  industry  R&D  (Carey,  1996:  51). 

The  defense  laboratories  are  not  slated  for  such  drastic  cuts  as  non-defense  R&D 
programs,  but  it  will  not  be  long  before  the  battle  begins  between  civilian  industry,  non¬ 
defense,  and  defense  R&D  programs  for  federal  funding.  The  federal  government  has 
come  under  increasing  pressure  to  spend  each  technology  dollar  more  effectively.  The 
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push  has  been  for  less  defense-oriented  research,  in  which  a  large  portion  can  be  termed 
as  basic  research,  and  more  emphasis  on  applied  research,  which  results  in  a  quicker 
payoff  in  the  marketplace.  There  is  a  widespread  perception  in  industry  and  government 
that  the  nation  is  not  realizing  an  adequate  return  from  the  substantial  investment  in  the 
federal  laboratory  system  (Carr,  1992:  8).  Therefore,  it  is  up  to  the  federal  laboratories  to 
get  the  maximum  amount  of  return  from  every  research  dollar. 

This  is  where  TT  can  help.  The  Federal  Laboratory  Consortium  defines  TT  as 
“the  process  by  which  existing  knowledge,  facilities,  or  capabilities  developed  under 
federal  R&D  are  utilized  to  fulfill  public  or  private  domestic  needs  (Carr,  1992:  9).”  In 
order  to  optimize  the  return  on  tax  dollars  spent  on  defense  related  R&D,  the  technologies 
developed  by  federal  laboratory  research  can  be  effectively  utilized  by  users  other  than 
those  originally  intended.  The  benefits  of  transferring  these  technologies  to  other  users, 
particularly  commercial  companies,  come  in  two  forms.  First,  there  are  spin-offs,  in 
which  the  commercial  company  uses  the  technology  for  its  own  application,  which  results 
in  improvement  in  the  overall  US  industrial  technological  base.  One  example  of  a  spin¬ 
off  is  Marchon’s  new  Flexon  eyeglass  frames  which  are  made  of  nitinol,  an  elastic  nickel- 
titanium  combination  invented  by  the  Naval  Ordnance  Laboratory  (Wilson,  1996:  20). 
The  other  form  is  spin-backs,  in  which  the  government  benefits  by  using  the  commercial 
application  developed  from  the  technology  for  its  own  applications.  A  good  example  is 
provided  by  Lockheed-Martin,  in  which  the  company  demonstrated  that  combining  a 
composite  fabrication  process  derived  from  the  US/Japan  FS-X  program  with  proprietary 
manufacturing  techniques  can  produce  significant  cost  savings  in  advanced  fighter 
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construction  (Anonymous,  1996:  57).  However,  the  federal  laboratories  lag  far  behind 
their  civilian  counterparts  when  it  comes  to  TT. 

Weijo  reports  that  the  federal  government  must  consider  ways  to  more  effectively 
transfer  new  technologies  between  the  laboratories  and  private  industry  since  only  five 
percent  of  the  nearly  30,000  patents  owned  by  the  government  are  licensed  for 
commercial  use  (1987:  43).  University  TT  programs,  although  operating  in  a  different 
environment  than  the  federal  laboratories,  have  much  better  performance.  For  instance, 
MIT  granted  nearly  the  same  number  of  licenses  in  1 990  as  the  entire  Department  of 
Energy  (DOE)  laboratory  system,  and  its  royalties  from  those  licenses  were  twice  as  high 
(Carr,  1992:  9).  This  was  obtained  even  though  the  DOE  laboratories’  R&D  budgets 
were  over  10  times  the  amount  of  MIT’s.  Other  major  research  universities  such  as 
Stanford  and  the  University  of  California  have  similar  performances.  It  is  estimated  that 
an  order  of  magnitude  increase  in  TT  from  the  federal  laboratory  system  is  probably 
feasible  at  the  current  levels  of  R&D.  Therefore,  through  the  last  decade  there  has  been 
much  emphasis  on  TT  from  the  federal  laboratory  system. 

The  increased  emphasis  began  in  1980  with  the  Bayh-Dole  Act  and  the 
Stevenson- Wydler  Technology  Innovation  Act.  Both  of  these  acts  paved  the  way  for  the 
private  sector  to  gain  access  to  government  technology.  The  Bayh-Dole  Act,  also  known 
as  the  University  and  Small  Business  Patent  Procedure  Act,  gives  non-profit 
organizations,  particularly  universities,  and  small  businesses  the  right  to  retain  patents  for 
technology  developed  with  government  funding.  The  Stevenson-Wydler  Act  mandates 
that  federal  laboratories  pursue  TT  activities.  Additional  legislation  enacted  to  increase 
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TT  from  the  federal  laboratories  is  the  Federal  Technology  Transfer  Act  of  1986,  which 
established  the  Federal  Laboratory  Consortium  (FLC)  for  Technology  Transfer.  This  law 
gives  laboratories  the  authority  to  engage  in  cooperative  research  with  outside  parties  and 
to  negotiate  patent  licenses.  Executive  Order  12591  (1987),  directs  the  head  of  each 
executive  department  and  agency  to  promote  cooperative  R&D  efforts,  to  the  extent 
permitted  by  law,  among  the  federal  laboratories,  state  and  local  governments, 
universities,  and  the  private  sector.  The  Domestic  Technology  Transfer  Program 
Regulation  (1988),  establishes  requirements  for  an  ORTA  and  defines  the  responsibilities 
of  several  organizations.  Several  other  acts  followed,  such  as  the  Defense  Authorization 
Act  of  1991,  which  further  defines  the  responsibilities  of  organizations  involved  in  the 
TT  process.  It  is  clear  that  the  emphasis  lately  has  been  on  the  transfer  of  technology 
from  the  federal  laboratories  in  order  to  gain  the  most  benefits  from  the  R&D  dollar. 

However,  there  is  a  cost  associated  with  the  activities  performed  in  technology 
transfer.  The  cost  of  ORTA  positions,  mostly  salaries,  is  paid  for  from  the  laboratory’s 
budget.  It  would  be  wise  to  consider  the  payback  potential  of  the  dollars  spent  on  the 
ORTA  positions  while  performing  TT  activities.  Thus,  one  of  the  primary  goals  of  this 
thesis  is  to  determine  the  cost  to  the  laboratories  in  filling  the  ORTA  positions.  The  labor 
associated  with  the  ORTA  positions  is  considered  to  be  overhead,  because  the  personnel 
filling  the  ORTA  positions  do  not  perform  activities  directly  tied  to  the  transfer  of  a 
specific  technology.  Their  work  is  considered  indirect,  as  they  generally  support  the 
overall  TT  process.  Although  there  has  been  much  research  conducted  addressing  the 
transfer  of  technologies  from  the  government  laboratories,  it  has  focused  mainly  in  the 
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area  of  identifying  the  most  efficient  methods  to  perform  TT  activities.  There  has  been 
limited  research  accomplished  in  addressing  the  costs  associated  with  performing 
technology  transfer.  The  work  of  this  thesis  will  be  the  first  to  attempt  to  determine  the 
costs  of  the  ORTA  positions  and  allocating  these  costs  to  the  TT  activities  performed  by 
ORTA  personnel.  The  most  logical  method  to  allocate  these  overhead  costs  to  the  TT 
activities,  especially  in  light  of  recent  government  and  private  sector  emphasis  on  its  use, 
is  activity-based  costing. 

Miller  defines  activity-based  costing  (ABC)  as: 

a  methodology  that  measures  the  cost  and  performance  of  activities,  resources, 
and  cost  objects.  Resources  are  assigned  to  activities,  and  then  activities  are 
assigned  to  cost  objects  based  on  their  use.  (1996:  12) 

ABC  is  unique  in  that,  unlike  traditional  cost  accounting  systems,  it  is  a  cost  management 

system  that  provides  a  matrix  to  accurately  quantify  consumed  resources  triggered  by 

activities,  and  activities  triggered  by  products  and  processes.  An  organization  thus  has 

clear  insight  into  the  efficiency  with  which  it  converts  resources  into  value  (Dean, 

1995:  1).  Traditional  cost  accounting  methods  allocated  non-direct  costs  by  a  physical 

aspect  of  the  product,  such  as  size  or  production  volume.  ABC  was  originally  viewed  as 

being  applicable  only  to  manufacturing  processes,  but  since  activities  are  common 

throughout  all  organizations,  ABC  processes  have  been  applied  to  other  fields  such  as 

service  organizations. 

ABC  also  benefits  an  organization  by  not  only  determining  the  total  amount  of 
resources  consumed,  but  in  determining  when  those  resources  are  consumed  and  at  what 
level.  This  is  of  particular  importance  when  labor  costs  are  involved.  An  organization 


7 


can  not  only  determine  the  total  number  of  personnel  involved  during  each  activity 
performed,  but  the  required  types  (such  as  engineer)  and  grades  (e.g.  GS-13)  for  each 
activity  performed  can  now  be  identified  as  well.  For  this  thesis,  ABC  principles  will  be 
used  to  capture  and  describe  the  cost  of  performing  the  activities  of  TT. 

Research  Objectives 

The  principal  objective  of  this  thesis  is  to  provide  insight  into  the  costs  associated 
with  the  management  of  technology  transfer  within  Air  Force  laboratories.  Much 
research  has  already  been  accomplished  on  determining  the  most  efficient  practices  for 
TT  and  their  associated  benefits,  but  little  has  been  performed  in  identifying  the  costs  in 
performing  these  TT  activities.  A  secondary  objective  will  be  to  determine  differences 
that  exist,  if  any,  among  different  Air  Force  laboratories,  product  centers,  depots,  and  test 
centers,  in  the  assignment  of  personnel  within  the  ORTA  and  how  those  personnel 
allocate  their  time  to  the  different  TT  activities. 

The  research  objectives  are  to: 

1 .  Using  activity-based  costing,  develop  an  instrument  that  captures  the 
resources  expended  by  ORTA  personnel  in  performing  technology  transfer 
activities.  Wright  AFB’s  Wright  Laboratories  will  be  used  as  the  principal 
data  source. 

2.  Identify  the  activities  being  performed  by  the  ORTA  personnel  in  terms  of 
resources  expended.  This  will  be  accomplished  as  a  percentage  of  the  total 
resources  expended.  Previous  research  on  direct  costs  of  TT  (Boyd,  1996) 
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found  several  TT  activities  that  had  consumed  virtually  no  resources,  and  it  is 
believed  that  these  activities  are  the  ones  performed  by  the  ORTA  personnel. 

3.  Provide  a  comparison  of  Wright  Laboratories’  ORTA  organization  and 
allocation  of  resources,  given  its  TT  activity  level,  to  the  other  Air  Force 
laboratories  (Armstrong,  Rome,  and  Phillips  Laboratories),  in  an  attempt  to 
determine  a  “right-size”  expenditure  of  ORTA  resources  for  a  given  level  of 
TT  activity.  Comparisons  are  made  to  several  Air  Force  logistics  centers  and 
test  centers  that  have  ORTA  personnel  assigned. 

Tentative  Hypothesis 

The  principles  of  ABC  can  be  used  to  determine  the  ORTA  overhead  costs  of 
performing  technology  transfer  projects.  Additionally,  the  activities  performed  by  ORTA 
personnel  can  be  identified  and  costs  allocated  to  these  activities.  Finally,  a  comparison 
can  be  made  among  the  various  ORTA  organizations. 

Thesis  Overview 

Chapter  2  is  devoted  to  the  literature  review  of  the  topics  pertaining  to  this  thesis. 
In  particular,  it  indicates  that  although  there  has  been  much  research  into  TT  activities,  a 
significant  portion  of  it  has  been  in  identifying  the  most  efficient  means  of  performing  the 
TT  or  in  determining  the  TT  benefits.  The  other  main  topic  discussed  in  Chapter  2  is 
ABC,  along  with  the  research  performed  that  shows  it  can  be  applied  to  other  fields 
besides  the  manufacturing  sector.  Chapter  3  describes  the  methodology  used  in 
performing  the  thesis.  It  includes  sections  on  data  collection  and  analysis.  Chapter  4 
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presents  the  results  of  the  analysis,  and  the  thesis  concludes  with  a  summary  of  the 
research’s  managerial  implications  and  recommended  follow-on  research  in  Chapter  5. 
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II.  Literature  Review 


Introduction 

A  great  deal  of  funding  is  directed  towards  federal  research  and  development. 

With  the  recent  push  towards  eliminating  the  federal  deficit,  the  R&D  budget  has  steadily 
decreased  in  real  dollars  and  will  likely  face  significant  cuts  in  the  future.  Since  the  late 
1980s,  the  R&D  budget  has  failed  to  keep  up  with  inflation,  thus  the  real  value  of  the 
budget  has  declined  in  recent  years.  Faced  with  even  smaller  budgets  in  the  future,  it  is 
up  to  the  federal  laboratories  to  obtain  the  maximum  benefit  from  each  dollar  spent  on 
R&D.  One  way  to  obtain  this  is  through  technology  transfer.  However,  the  transfer  of 
technology  is  not  free,  and  measures  of  effectiveness  of  the  TT  process  must  be  utilized 
in  order  to  access  the  true  value  of  the  program. 

This  chapter  provides  a  review  of  the  literature  addressing  past  research  of  the 
measurements  of  TT  effectiveness  which  show  that  although  abundant,  research 
regarding  the  identification  of  the  cost  to  conduct  technology  transfer  is  lacking.  Next,  a 
review  of  activity-based  costing  literature  is  presented.  This  shows  how  ABC  and  its 
principles  have  been  effectively  integrated  with  non-manufacturing  concepts.  The  results 
of  the  literature  review  will  be  summarized  and  lead  into  the  analysis  of  Wright 
Laboratory’s  TT  process  using  the  principles  of  ABC.  Initially,  a  review  of  the 
technology  transfer  policy  that  paved  the  road  to  increased  use  of  TT  within  the  Air  Force 
along  with  the  basic  technology  transfer  process  is  provided  as  a  foundation. 
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Technology  Transfer  Policy 

Before  describing  the  technology  transfer  process,  it  is  important  to  address  the 
policies  that  led  to  the  importance  of  TT.  There  is  a  widespread  perception  in  industry 
and  government  that  the  nation  is  not  realizing  an  adequate  return  from  its  substantial 
investment  in  the  federal  laboratory  system.  New  technology  is  widely  considered  a 
critical  element  in  improving  productivity,  and  such  improvements  are,  in  the  long  run, 
the  only  way  to  improve  a  nation’s  competitiveness  and  standard  of  living  (Carr,  1992: 

8).  Although  TT  has  been  around  since  the  1950s,  the  federal  laboratories  have  only 
become  increasingly  active  since  the  1980s,  when  legislation  dealing  with  TT  activities 
started  to  occur  with  due  frequency. 

Papadakis  reports  that  the  policies  of  the  first  decade  were  designed  to  induce  TT 
and  overcome  legal  constraints  on  the  laboratories  (1995:  54-55).  After  15  years, 
expectations  that  the  laboratories  should  contribute  to  national  economic  competitiveness 
have  not  waned,  but  there  has  been  a  subtle  shift  in  policy  tone.  With  increasing  fiscal 
constraints,  the  policies  of  the  second  decade  are  designed  to  aggressively  extract  the 
desired  policy  changes.  Pressures  for  realignment  and  reconfiguration  of  the  laboratory 
system  are  high. 

An  Army  report  on  TT  activities  states  that  recent  global  shifts  are  changing  the 
way  that  the  Army  R&D  community  does  business.  In  addition  to  continuing  to  support 
the  soldier  in  the  field,  the  U.S.  must  now  also  use  American  defense  technology  in  new 
ways  to  strengthen  and  expand  the  national  economy.  The  Clinton  administration  has 
identified  TT  as  a  key  to  stimulating  and  sustaining  long-term  economic  growth.  The 
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Army  Research  Laboratory  (ARL)  TT  program  is  really  a  partnership  between  ARL 
scientists  and  engineers  and  the  private  sector  and  academic  counterparts  based  on 
technical  curiosity,  mutual  economic  benefit,  and  trust.  The  idea  behind  TT  is  to 
incorporate,  reuse,  and  build  on  existing  technologies  (TT  Activities,  1995:  Webpage, 
unnumbered). 

Finally,  Shahidi  and  Xue  reported  that  US  science  and  technology  (S&T)  policy 
in  the  past  four  decades  was  largely  designed  to  support  one  national  security  goal: 
achievement  of  military  superiority  through  technology  superiority.  The  collapse  of  the 
Berlin  Wall  in  1989  and  the  subsequent  end  of  the  Cold  War  have  made  such  policy 
obsolete.  What  appears  to  have  emerged  from  intense  policy  debate  in  recent  years  is  a 
consensus  to  leverage  four  decades  of  US  defense-oriented  S&T  know-how  to  strengthen 
the  competitive  positions  of  the  US  commercial  industries  and  recapture  global  economic 
competitive  superiority  (1994:  149). 

The  Technology  Transfer  Process 

The  technology  transfer  (TT)  process  is  extremely  complex  and  not  well  defined. 
The  many  authors  of  TT  research  do  not  even  use  the  same  definition  in  their  works. 

Carr  uses  the  definition  as  stated  by  the  Federal  Laboratory  Consortium:  “the  process  by 
which  existing  knowledge,  facilities,  or  capabilities  developed  under  federal  R&D  are 
utilized  to  fulfill  public  or  private  domestic  needs”  (1992:  9).  Schoenecker,  Myers,  and 
Schmidt  define  TT  as  the  movement  of  technical  ideas  and  know-how  from  a  conceiving 
organization  to  a  user  organization  at  any  stage  of  R&D  (1989:  28).  Others  define  TT  as 
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the  managed  process  of  conveying  a  technology  from  one  party  to  its  adoption  by  another 
(Spann,  Adams,  and  Souder,  1995:  19-20);  or  as  simply  putting  something  which  is 
known  into  use,  or  for  a  new  use  or  application  (Creighton,  Jolly,  and  Buckles,  1985: 

65).  Finally,  there  are  those  who  refer  to  TT  as  a  “contact  sport.”  Foley  states  that 
people,  not  paper,  transfer  technology,  and  that  TT  is  a  grassroots  effort;  it  requires  active 
participation  from  those  who  are  “in  the  trenches”  (1996:  30).  Also  using  the  jargon  of  a 
contact  sport  is  Schoenecker,  et.  al.,  who  state  that  the  transfer  mechanism  is  one  of 
agents,  not  agencies,  and  that  it  depends  on  the  movement  of  people  and  not  solely  on  the 
routing  of  information  through  communication  systems  (1989:  28).  Geisler  suggests  that 
the  exact  definition  of  TT  is  not  a  critical  matter,  and  that  each  definition  offers  a 
different  wrinkle  of  a  phenomenon  generally  called  TT.  The  plurality  of  definitions  is  a 
strength  of  the  field  (1993:  90). 

This  research  uses  the  activities  of  the  Office  of  Research  and  Technology 
Applications  (ORTA)  located  at  Wright  Laboratories,  which  is  managed  by  the  Air  Force 
Material  Command  (AFMC),  as  the  basis  upon  which  other  ORTAs  will  be  compared. 
Therefore,  the  definition  and  steps  of  the  TT  process  presented  in  the  AFMC  Technology 
Transfer  Handbook  is  used  as  the  basis  used  in  this  research.  The  handbook  provides  a 
simplistic  definition  of  TT:  the  Air  Force  develops  a  technology,  which  is  transferred  to 
an  outside  partner;  the  outside  partner  then  commercializes  the  technology  (AFMC:  D- 
1).  Industry,  academia,  and  state  and  local  government  agencies  can  greatly  benefit  from 
this  sharing  of  technical  knowledge  and  expertise.  The  AFMC  handbook  refers  to  that 
sharing  of  Air  Force  technology  with  the  private  sector  as  technology  transfer.  The  TT 
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process  provides  the  private  sector  with  access  to  skilled  and  knowledgeable  people,  new 
processes  and  techniques,  and  equipment  and  facilities  often  not  available  elsewhere. 
AFMC  can  transfer  technology  in  several  ways:  transfer  intellectual  property,  as  well  as 
provide  access  to  scientific,  engineering  and  technical  support  through  Cooperative 
Research  and  Development  Agreements  (CRDAs).  TT  also  consists  of  providing 
products  produced  through  specialized  manufacturing,  repair,  and  test  capabilities,  and 
services  to  include  technical  assistance  with  those  capabilities  (AFMC:  vii). 

The  AFMC  handbook  relates  the  terms  technology  transfer  with  defense 
conversion  (activities  associated  with  alleviating  the  economic  impact  of  downsizing  of 
the  DoD  and  its  adverse  effects  on  the  private  sector).  Though  they  are  not  completely 
interchangeable,  they  do  overlap,  since  they  both  share  a  common  goal  to  promote  the  use 
of  technology  with  military  applications  for  commercial  use.  TT  contains  the  movement 
of  technologies  developed  for  or  by  the  government  to  the  private  sector  for 
commercialization,  while  defense  conversion  includes  the  shifting  of  resources,  including 
funding,  from  military  only  to  dual  use  or  commercial  applications  and  assistance. 

There  are  six  major  steps  of  the  Master  Process  in  TT:  Strategy,  Identify 
Technology,  Market  Technology,  Identify  Vehicle,  Transfer  Technology,  and  Post¬ 
transfer  Administration  (AFMC,  1995:  D-2).  Each  is  defined  below: 

Strategy:  Purpose  is  to  integrate  TT  into  the  organization’s  technology 
investment  strategy.  There  are  nine  sub-steps  that  take  the  local  technology  strategies  and 
the  administration  (overhead)  requirements  and  coordinate  them  into  a  single  strategy. 
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Identify  Technology:  Ascertain  which  technologies  are  available  for  transfer  and 
which  technologies  have  a  greater  potential  for  successful  transfer.  Technologies  include 
products,  processes,  people,  and  unique  facilities. 

Marketing:  Promote  those  technologies  with  high  commercial  potential. 

Identify  Vehicle:  Match  the  best  transfer  agreement  with  the  needs  of  the  outside 
partner  and  the  Air  Force.  Once  the  focal  point  of  the  laboratory  or  center  understands 
the  needs  of  the  outside  partner  and  the  complexities  of  the  technology  to  be  transferred, 
they  are  in  a  better  position  to  help  determine  the  most  appropriate  transfer  vehicle,  such 
as  a  CRDA  or  license. 

Transfer  Technology:  Execute  the  transfer  of  technology.  Laboratory  or  center 
and  partner  comply  with  all  the  applicable  public  laws.  Process  formalizes  the  transfer  in 
writing. 

Post-transfer  administration:  Account  for  all  the  transfer  activities  within  the 
organization,  advertise  the  successful  transfer,  and  reward  and  recognize  the  Air  Force 
participants.  Track  success  against  the  goals  set  in  the  organizational  investment  strategy 
and  business  plan. 

Technology  Transfer  Related  Research 

Geisler  identifies  four  main  types  of  research  into  TT.  Each  type  and  a  brief 
description  follows  (1993:  89-90): 
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1)  Process  of  TT:  The  bulk  of  the  literature  considers  TT  as  a  process.  One 
stream  investigates  the  process  itself,  while  a  parallel  stream  explores  ways  to  improve 
the  process. 

2)  Process  and  Outcomes:  This  approach  considers  TT  in  terms  of  the  process 
and  its  outcomes.  This  literature  identifies  some  of  the  benefits  of  TT,  but  its  studies  are 
hindered  by  problems  of  measurement,  disciplinary  constraints,  and  the  complexity  of  the 
phenomenon. 

3)  Component  in  a  Larger  System:  Entails  researching  the  phenomenon  as  a  part 
of  the  innovative  process,  engineering  management,  and  R&D/technology  management. 
This  type  of  research  identifies  what  role  TT  has  in  the  R&D  conducted  at  the 
laboratories. 

4)  Case  in  a  Discipline:  Viewed  as  a  process  and  as  mechanisms  or  techniques  to 
transfer,  diffuse,  or  transform  technology.  The  literature  explains  how  the  information  is 
exchanged  and  transferred. 

Research  of  the  TT  Process.  As  stated  previously,  the  bulk  of  TT  research  falls 
into  the  first  category  identified  by  Geisler,  and  either  describes  the  process  or 
recommends  ways  to  improve  it.  Most  works  of  this  nature  identify  problems  with  the 
current  methods  of  TT  within  the  federal  laboratories.  Weijo’s  research  was  one  such 
attempt  at  describing  the  process,  in  which  he  recognized  that  the  federal  government 
must  consider  ways  to  more  effectively  transfer  new  technologies  between  federal  R&D 
laboratories  and  private  industry.  Only  five  percent  of  the  nearly  30,000  patents  owned 
by  the  federal  government  are  licensed  for  commercial  use  in  the  private  sector  (1987: 
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43) .  He  believes  that  marketing  theory  can  contribute  to  improving  the  transfer  of 
technology  to  the  private  sector.  He  identifies  the  process  itself  by  describing  the  two 
most  popular  approaches  used  in  TT  strategies:  demand-pull  and  technology  push  (1987: 

44) .  Demand-pull  is  considered  a  passive  method  (very  diffuse  audience),  in  which  an 
identified  need  in  the  marketplace  drives  the  need  for  technological  innovation.  The  goal 
of  the  federal  agency  is  to  make  information  accessible  to  private  sector  firms  who  are 
searching  for  solutions  to  a  customer  problem.  The  more  active  method  is  the 
technology-push  strategy,  in  which  a  technological  innovation  is  flowed  out  to  functional 
areas,  in  which  they  incorporate  it  into  an  identification  of  a  need  for  the  technology. 

This  technology-push  is  further  broken  into  role-directed  (middle  ground),  in  which  the 
technology  is  directed  to  individuals  employed  in  important  roles  in  corporate  new 
product  development  activities,  and  organization-directed  (focused  audience),  in  which 
the  technology  is  directed  to  innovator  and  early  adopter  organizations  in  specific 
industries.  Weijo’s  main  thrust  at  improving  the  process  is  to  narrow  the  target  audience 
as  much  as  possible  to  most  effectively  use  the  resources  available  to  a  government 
agency. 

Carr’s  work  is  also  primarily  devoted  to  describing  the  TT  process.  He  states  that 
most  responding  companies  (to  a  recent  survey)  thought  that  promising  payoffs  from 
interactions  with  federal  laboratories  would  not  come  from  licensing,  but  from  visits  to 
laboratories,  information  dissemination,  technical  consultation,  workshops,  seminars,  and 
cooperative  research,  in  that  order  (1992:  10).  However,  most  TT  programs  tend  to 
focus  on  technology  licensing  and  cooperative  R&D,  which  are  the  two  most  measurable 
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forms  of  TT.  The  current  focus  in  federal  TT  is  on  industry-led  or  market-pull  transfer. 
There  are  often  fewer  problems  with  conflict  of  interest  and  fairness  of  opportunity,  since 
most  programs  are  usually  initiated  by  the  private  sector,  not  the  laboratory  or  its 
employees.  However,  most  new  technologies,  particularly  breakthroughs,  have  emerged 
through  technology-push  transfer  strategies.  Successful  handling  of  transfers  based  on 
technology-push  requires  a  significant  marketing  effort.  Therefore,  Carr  concluded  that 
the  explanation  for  the  major  portion  of  the  gap  (between  university  and  federal 
laboratory  TT  success)  almost  certainly  lies  in  the  TT  process  (1992:  21). 

Spann,  Adams,  and  Souder  also  provide  research  using  the  technology-push  or 
technology-pull  strategies.  They  note  that  the  success  of  govemment-to-private  sector 
transfers  has  generally  been  less  than  satisfactory.  The  perception  is  growing  that  the 
nation  is  not  getting  an  adequate  return  from  its  federal  R&D  budget,  and  there  is  a 
growing  demand  for  more  measurable  results  of  TT  (1995:  19).  Their  study  focuses  on 
defining  and  describing  the  measures  used  in  the  process  of  transferring  government- 
funded  technologies  to  private  sector  firms.  They  indicate  that  technology-push  strategies 
emphasized  by  federal  laboratories  result  from  technical  capabilities  and  are  means- 
motivated,  whereas  technology -pull  strategies  often  result  from  demand  and  are  needs- 
motivated.  Technology-push  strategies  focus  on  making  technologies  available  for 
transfer  to  justify  expenditures  of  federal  dollars  on  R&D  while  competing  with  other 
programs  for  resources.  They  conclude  that  managers  of  TT  programs  need  to  define 
clearly  the  goals  and  related  measures  of  performance  for  each  specific  transfer  project  at 
a  project’s  inception  (1995:  27). 
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Creighton,  Jolly,  and  Buckles’  research  effort  identifies  another  approach.  Instead 
of  describing  various  procedural  models,  they  identify  nine  elements  present  in  the 
descriptions  of  successful  transfers,  because  each  transfer  is  procedurally  different  from 
all  others.  The  elements  are  broken  into  four  formal  elements  (organization,  project, 
documentation,  and  distribution  of  information)  and  five  informal  elements  (linking, 
capacity,  credibility,  willingness,  and  reward)  (1985:  68).  They  point  out  that  a 
considerable  volume  of  work  has  been  done  on  the  importance  of  liaison  (linking  -  an 
informal  element)  in  the  TT  process,  but  stress  that  responsibility  for  transfer  is  seldom 
tied  to  the  liaison  function,  but  rather  to  the  managerial  and  production  functions,  which 
fall  under  the  formal  elements. 

Research  of  the  Process  and  Outcomes.  This  area  of  research  mainly  stresses  the 
benefits  gained  from  performing  TT  activities,  but  does  not  address  the  costs  associated 
with  attaining  those  benefits.  This  is  best  summed  up  by  Scott,  whose  work  identifies  the 
vast  knowledge  bank  contained  within  the  federal  laboratory  system.  An  estimated  70 
percent  of  active  U.S.  scientists  and  engineers  holding  masters  and  Ph.  D.  degrees  are  in 
defense-related  positions  (1993:  64).  A  sweeping  closure  of  federal  laboratories  could 
easily  debilitate  the  nation’s  “brain  trust.”  These  facilities  house  unique  equipment, 
resources,  and  skills  that  either  are  irreplaceable  or  would  take  millions  of  dollars  to 
reconstitute  in  the  event  of  a  future  national  emergency.  Therefore,  large  U.S.  federal 
laboratories,  faced  with  sharp  cutbacks,  consolidation,  and  possible  closure  as  a  result  of 
defense  drawdowns,  have  embraced  TT  as  a  high-priority  mission.  However,  taking 
advantage  of  a  government  “tax  rebate”  in  the  form  of  TT  is  not  a  simple  or  inexpensive 
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process.  Also,  private  sector  executives  have  a  long  list  of  complaints  about  trying  to 
work  with  government  agencies  and  their  laboratories.  These  include:  setting  up  CRD  As 
and  other  partnership  tools  with  a  national  laboratory  are  cumbersome  and  can  take  years 
to  consummate;  there  is  too  much  emphasis  on  technology-push  and  not  enough  on 
market-pull;  and  not  enough  information  about  laboratory  resources  and  capabilities  gets 
out  to  industry  (Scott,  1993:  65). 

Limited  benefits  of  federal  laboratory  TT  are  identified  by  Roessner,  whose 
recently  conducted  survey  of  chief  technical  officers  (CTOs)  and  laboratory  or  R&D 
division  directors  of  companies  that  belong  to  the  Industrial  Research  Institute  found  that 
federal  laboratories  and  government  data  bases  are  considered  only  somewhat  significant 
as  sources  to  their  companies  (1993:  38).  This  is  an  improvement  over  a  similar  survey 
conducted  in  1988,  which  indicated  the  same  leaders  paid  little  attention  to  work  at  the 
federal  laboratories.  The  dominant  positive  incentive  a  CTO  or  division  director  has  for 
interacting  with  a  federal  laboratory  was  access  to  unique  technical  resources.  Strong 
disincentives  include  administrative  requirements,  assignment  of  intellectual  property 
rights,  protection  of  proprietary  information,  and  potential  conflicts  of  interest.  The  most 
significant  conclusion  is  that  companies  tend  to  interact  with  federal  laboratories  for 
reasons  that  have  far  more  to  do  with  long-term,  less  tangible  pay-offs  than  with 
expectations  of  short-term  business  opportunities  or  technology  commercialization 
(Roessner,  1993:  41). 

A  GAO  report  is  another  good  example  in  which  identifying  the  costs  associated 
with  obtaining  TT  benefits  has  not  been  adequately  addressed.  The  report  specifically 
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states  that  they  did  not  attempt  to  assess  the  costs  of  these  collaborations  ( 1 994:  1 ).  The 
report  mentioned  that  TT  between  federal  laboratories  and  industry  is  increasingly 
viewed  as  a  significant  factor  in  the  economic  growth  and  well-being  of  the  United 
States.  Therefore,  they  performed  an  observation  of  10  CRD  As,  and  found  that  the 
CRDAs  have  provided  opportunities  for  laboratories  and  companies  to  share  expertise 
and  resources,  advance  R&D  programs,  and  transfer  technology  resulting  in  commercial 
products. 

An  interesting  work  on  benefits  was  conducted  by  Jung,  who  presented  some 
general  ideas  and  concepts  of  how  benefits  of  TT  can  be  evaluated.  In  particular,  where 
benefits  are  too  complex  to  be  measured  in  dollars,  as  is  especially  the  case  for 
externalities,  he  describes  two  methods  (Input  Criterion  and  Substitution  Concept)  which 
provide  information  about  tendencies  of  TT  benefits,  but  no  absolute  values  (1980:  46- 
49). 

Research  in  the  Component  of  a  Larger  System.  This  area  of  research  identifies 
the  role  that  TT  has  in  the  R&D  conducted  at  the  laboratory.  It  also  addresses  the 
problems  that  the  federal  laboratories  have  in  transferring  technology  to  industry, 
especially  considering  the  missions  of  the  laboratories.  Papadakis’  analysis  suggests  that 
the  vast  majority  of  the  system  (about  80  percent  of  the  laboratories)  has  no  meaningful 
role  in  American  competitiveness,  while  the  remaining  laboratories  are  characterized  by 
powerfully  entrenched  agency  missions  with  circumscribed  economic  roles  (1995:  55). 
Profiling  the  national  laboratory  system  is  difficult,  given  the  institutional  variety  of 
government- sponsored  R&D.  She  goes  on  to  state  that  with  perhaps  the  singularly 
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exception  of  the  USD  A,  the  primary  R&D  missions  of  the  federal  laboratory  system  do 
not  include  enhancing  the  performance  of  the  economy  generally  or  any  one  sector 
specifically  (1995:  57).  Since  the  government  itself  is  the  actual  user  of  most  federal 
laboratory  R&D,  an  important  characteristic  of  the  national  laboratory  system  is  the  scope 
of  the  government  mission  that  it  serves.  It  would  not  be  unwarranted  to  assume  that  the 
commercial  potential  of  defense-related  R&D  is  limited,  since  it  is  frequently  alleged  that 
the  DoD  is  a  net  technology  consumer,  and  the  amount  of  DoD  spinoffs  does  not  really 
compensate  for  the  total  defense  R&D  investment. 

Papadakis  observes  that  the  laboratory  system  is  simply  not  charged  with 
producing  industrially  relevant,  useful  science  and  technology.  A  1989  GAO  study  notes 
that  of  the  330  federal  R&D  institutions  that  had  budgets  greater  that  100,000  dollars, 
only  54  may  be  considered  as  commercially  active  using  even  the  most  relaxed  criteria. 
Further  analysis  of  the  data  in  1995  found  that  barely  50  laboratories  met  any  one  of  the 
low  thresholds  for  commercial  activity.  It  was  found  that  the  DoD  had  1 8  of  54,  or  one- 
third  of  the  laboratories,  which  were  commercially  active  (Papadakis,  1995:  60). 

Spann,  Adams,  and  Souder,  in  an  earlier  work,  investigate  the  degree  to  which 
barriers  to  TT  and  measures  of  TT  differed  among  the  roles  played  by  the  various  parties, 
at  each  stage  of  the  transfer  process.  They  noticed  that  the  low  rate  of  transfer  (from 
federal  laboratories  to  private  sector)  may  be  the  result  of  inability  to  reach  consensus  on 
how  to  define,  track,  or  measure  transfer  progress  and  success  (Spann,  et.  al.,  1993:  63). 

It  was  found  that  the  role  of  the  sponsor  (who  funds  technology  development, 
disseminate  information  about  government  technologies,  and/or  facilitate  their  transfer) 
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averaged  23  hours  per  week  on  TT  activities.  The  role  of  the  sponsor  fits  well  with  the 
ORTA  personnel  assigned  to  each  laboratory,  and  it  would  be  interesting  to  compare  the 
average  ORTA  time  spent  on  TT  activities  with  the  results  of  this  research.  The  results  of 
the  study  indicate  that  the  major  barrier  to  TT  is  an  educational  one  that  can  be  solved  by 
improved  communication  initiatives,  i.e.,  identifying  the  correct  method  to  transfer  the 
technology.  Spann,  et.  al.  stated  that  while  sponsors  agreed  with  adopters  that  long-term 
outcome  measures  were  important,  sponsors  also  relied  on  input  measures  of  effort  and 
intermediate  outcome  measures  (1993:  73),  thus  further  enforcing  the  need  to  identify  the 
costs  associated  with  providing  TT. 

Another  way  that  TT  affects  the  role  of  R&D  in  federal  laboratories  is  identified 
by  Bozeman.  He  identifies  four  models  of  TT  effectiveness,  the  fourth  of  which  is  the 
opportunity-cost  model.  This  model  focuses  on  the  alternative  uses  of  TT  resources,  not 
only  funds,  but  human  resources  and  time  as  well.  By  devoting  more  attention  to  TT,  it  is 
likely  that  less  will  be  devoted  to  other  core  missions  of  the  laboratory  (Bozeman,  1991 : 
142). 

Research  into  Case  in  a  Discipline.  This  final  type  of  research  identifies  the 
methods  used  in  transferring  the  technology  from  the  federal  laboratories  to  the  private 
sector.  Carr  recognized  that  laboratory  CRDAs  may  be  the  vehicle  by  which  the  industry 
comes  to  fully  realize  the  value  of  the  federal  laboratory  system.  But,  he  states  that  a 
number  of  industrial  partners  who  work  primarily  with  DOE  laboratories  complain  that 
current  delays  for  approving  CRDAs  and  funds  for  laboratory  R&D  efforts  are  too  long 
for  the  CRDA  process  to  be  of  value  (Carr,  1992:  13).  Carr  identifies  three  TT  models  or 
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methods  used  to  transfer  technology:  legal,  administrative,  and  marketing.  Legal  model 
TT  programs  are  generally  run  by  the  organization’s  legal  staff  and  focus  exclusively  on 
patenting  inventions.  Administrative  model  TT  programs  are  created  as  part  of  an 
administrative  or  support  organization.  The  federal  laboratories  began  to  move  towards 
the  administrative  models  following  the  TT  legislation  of  the  1980s.  Marketing  efforts 
used  by  administrative  model  offices  tend  to  be  limited  to  advertising  in  publications.  In 
the  marketing  model,  the  TT  office  must  accumulate  and  have  on  hand  a  large  inventory 
of  technologies  to  market  to  industry.  The  offices  actively  market  technologies  available 
with  the  objective  of  finding  an  appropriate  licensee  and  concluding  a  license  agreement 
expeditiously. 

The  amount  of  research  in  the  area  of  TT  is  indeed  quite  extensive,  but  very  little 
research  has  been  performed  in  identifying  the  cost  of  performing  TT.  In  particular, 
research  in  identifying  the  indirect  costs  associated  with  TT  activities  has  not  been 
performed,  and  the  main  objective  of  this  research  is  to  identify  such  costs.  Since  indirect 
costs  are  to  be  identified,  the  most  logical  method  to  do  so  is  activity-based  costing 
(ABC).  A  brief  definition  of  ABC  along  with  a  review  of  past  ABC  literature  follows. 

Activity-Based  Costing 

As  with  TT,  the  definition  of  activity-based  costing  (ABC)  varies  by  author.  One 
of  the  reasons  attributing  to  the  vague  definition  is  the  increased  role  of  ABC.  Originally 
designed  for  use  by  manufacturing  companies,  ABC  has  been  found  to  be  well  adapted 
for  use  by  the  service  industries.  Only  recently  has  the  DoD  instituted  use  of  ABC.  Alex 
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Dean,  of  the  U.S.  Navy  Acquisition  reform  Office,  defines  ABC  as  an  accounting  system 
that  assigns  costs  to  products  based  on  the  resources  they  consume.  Overhead  costs  are 
also  traced  to  a  particular  product  rather  than  spread  arbitrarily  across  all  product  lines 
(1995:  1).  Noreen  defines  an  ABC  system  as  one  that  assign  costs  to  products  on  the 
basis  of  multiple  cost  drivers,  which  may  or  may  not  be  proportional  to  the  volume  of 
output.  This  is  in  contrast  to  most  traditional  cost  systems  which  use  only  one  allocation 
base  (usually  direct  labor  or  machine  hours)  that  is  proportional  to  volume  (1991 :  159). 
He  also  stated  in  his  work  that  the  term  ABC  is  itself  subject  to  varying  interpretation  and 
its  definition  appears  to  be  evolving  over  time. 

Why  ABC?.  ABC  was  developed  to  replace  traditional  costing  methods  in  which 
overhead  costs  were  allocated  to  products  by  a  physical  dimension  such  as  batch  size  or 
product  size.  This  leads  to  products  which  are  produced  in  large  batches  or  are  of  larger 
sizes  being  allocated  a  disproportionate  amount  of  overhead  costs.  For  purposes  of 
costing  products,  ABC  systems  assign  overhead  to  products  using  multiple  allocation 
bases,  some  of  which  are  related  to  unit  volume  and  some  are  not.  An  ABC  system  is  a 
two  stage  allocation  process  that  fully  allocates  costs  to  products,  customers,  or  some 
other  ultimate  cost  object.  Costs  are  allocated  into  cost  pools  which  are  in  turn  allocated 
to  products  based  upon  cost  drivers  or  activity  measures  unique  to  each  pool.  ABC 
accommodates  costs  that  are  fixed  with  respect  to  changes  in  batch  size,  such  as 
machinery  set-up  cost. 

Salafatinos  reported  that  traditional  cost  accounting  leads  to  the  build-up  of  unreal 
inventory  profits,  the  use  of  economic  order  quantities  that  are  not  economical,  and  the 
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encouragement  of  local  efficiency  at  the  expense  of  overall  performance  (1995:  59). 

This  result  occurs  because  traditional  cost  accounting  leads  factory  managers  to  focus 
their  attention  on  the  maximization  of  individual  resources  instead  of  the  performance  of 
the  systems  as  a  whole.  ABC  was  developed  in  response  to  the  inadequacies  of 
traditional  costing  methods. 

Estrin,  Kantor,  and  Albers  identify  ten  mediating  factors  to  determining  if  ABC  is 
suitable  for  a  company.  The  first  five  address  the  potential  advantages  of  ABC  versus 
traditional  costing  methods,  and  the  second  five  deal  with  management’s  need  and  ability 
to  react  to  product  costing  distortions.  These  10  factors  are  (1994:  40-44): 

1)  Product  diversity:  the  quantity  or  range  of  distinct  products  or  the  variety  of 
product  families  offered. 

2)  Support  diversity:  the  range  or  variation  of  support  overhead  given  to 
products. 

3)  Common  process:  the  degree  of  commonality  of  processes  among  the  different 
product  offerings. 

4)  Period  cost  allocation:  the  existing  costing  system’s  conceptual  ability  to 
allocate  period  costs  properly. 

5)  Rate  of  growth  of  period  costs:  the  growth  in  period  costs  as  an  indicator  of  the 
dynamism  required  by  the  costing  system. 

6)  Pricing  freedom:  the  company’s  degree  of  power  and  freedom  to  set  prices. 

7)  Period  expense  ratio:  addresses  the  possible  materiality  of  product  cost 
distortions  directly. 

8)  Strategic  considerations:  refer  to  the  constraints  imposed  upon  management’s 
decisions  by  its  explicit  or  implicit  strategies. 

9)  Cost  reduction:  the  relationship  between  internal  cost-related  decisions  and  the 
indirect  component  of  the  total  cost  of  products. 

10)  Analysis  frequency:  refers  to  the  frequency  of  product  cost  analysis. 

A  grid  analysis  is  then  used  to  determine  if  ABC  is  warranted. 

Increased  Role  for  ABC.  The  use  of  ABC  has  gone  beyond  its  traditional 
manufacturing  role.  Dean  stated  that  an  ABC  system  gives  visibility  to  how  effectively 
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resources  are  being  used  and  how  activities  contribute  to  the  cost  of  a  product.  Besides 
determining  a  competitive  price  for  a  product,  the  information  obtained  from  an  ABC 
system  is  now  used  for  developing  budgets,  future  cost  estimating,  and  measuring 
performance  (1995:  1).  In  DoD,  the  Joint  Advanced  Strike  Technology  (JAST)  program 
is  planning  on  using  ABC  to  ensure  the  most  cost  effective  decisions  are  being  made 
during  development  and  production  phases  of  the  program.  The  Engineering 
Manufacturing  and  Development  Request  for  Proposal  will  include  incentives  for  the 
bidding  contractors  to  establish  ABC  for  the  JAST  program  (Dean,  1995:  3). 

Other  uses  of  ABC  have  been  identified  by  Hubbell.  He  states  that  recent  years 
have  seen  an  extraordinary  increase  in  the  use  of  ABC  and  Activity-Based  Management 
(ABM)  systems  to  track  activity  costs,  improve  the  accuracy  of  product  costing,  and 
report  on  critical  financial  and  non-fmancial  performance  measures  (1996:  18).  For 
internal  management  systems  to  serve  the  best  interests  of  both  shareholders  and 
managers,  they  must  identify,  collect,  and  routinely  report  the  information  that  is  critical 
to  making  decisions  about  resource  allocations.  Hubbell  noted  that  traditional 
ABC/ ABM  systems  fail  to  identify  critical  capital  drivers  as  a  means  of  managing  capital. 
He  suggests  integrating  ABC  with  measures  of  shareholder  value  such  as  economic  value 
added. 

In  a  modified  version  of  ABC,  Noreen  found  that  ABC  can  also  be  used  to 
determine  relevant  costs  for  product  drop  decisions  and  product  design  decisions  (1991 : 
159).  This  differs  from  traditional  ABC  in  that  not  all  costs  are  allocated,  only  relevant 
costs,  which  are  those  that  can  be  avoided  if  the  decision  is  not  adopted.  Being  able  to 
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identify  relevant  only  costs  is  also  of  value  for  life  cycle  costing,  in  which  the  costs  of 
alternatives  are  compared  using  their  relevant  costs. 

How  to  Use  ABC.  This  research  effort  will  not  try  to  fully  explain  the 
methodology  of  ABC,  there  are  numerous  texts  available  for  that.  But  there  are  certain 
steps  which  can  be  identified  to  help  the  reader  understand  the  process  of  ABC.  Lawson 
identifies  five  steps  in  the  design  of  an  ABC  system  (1994:  33): 

1)  Aggregate  actions  into  activities 

2)  Report  the  costs  of  activities 

3)  Identify  activity  centers 

4)  Select  the  first-stage  cost  drivers 

5)  Select  second-stage  cost  drivers 

In  the  first  step,  all  the  actions  required  to  produce  a  product  or  service  are 
categorized  by  activities.  ABC  models  are  based  on  the  assumption  that  the  activities 
performed  consume  costs.  Thus,  costs  are  attributed  based  on  the  consumption  of 
activities,  which  defines  the  second  step.  The  third  step  identifies  which  departmental 
costs  are  allocated  to  each  activity  or  cost  center.  In  the  fourth  step,  the  departmental 
costs  are  allocated  to  cost  pools  using  an  allocation  basis.  In  the  final  step,  the  costs  in 
these  pools  are  allocated  to  products  or  customers  through  the  use  of  the  second-stage 
cost  drivers. 

ABC  Combined  with  other  Management  Tools.  ABC  has  also  been  found  to  be 
useful  when  applied  in  concert  with  other  management  tools.  One  such  tool  is  theory  of 
constraints,  which  was  developed  to  identify  potential  bottlenecks  (a  resource  that  is 
being  pressed  beyond  its  capacity)  in  such  things  as  a  production  or  service  line. 
Salafatinos  used  activity  mapping  to  expand  the  definition  of  the  cost  object  can  to 
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include  the  business  process  itself  (1995:  58).  Activity  mapping  is  essentially  a 
flowchart  of  activities  that  displays  the  vertical  relationships  between  activities  in  a 
department,  horizontal  connections  between  departments,  and  cycle  times  necessary  to 
perform  each  activity.  Activity  mapping  for  ABC  has  normally  been  applied  to  overhead 
activities  such  as  quality  control,  setup,  material  handling,  and  purchasing.  The  mapping 
of  these  activities  as  well  as  the  production  activities  can  provide  the  three-dimensional 
view  of  a  company  necessary  to  find  bottlenecks.  The  theory  of  constraints  has  brought  a 
new  dimension  to  production  philosophy  and  has  stimulated  an  interesting  challenge  to 
the  traditional  ways  of  looking  at  a  company’s  profitability.  A  company  is  not  a  mere 
aggregation  of  separate  investments  that  can  be  managed  independently,  but  rather  a 
complex  system  of  resources  that  require  coordination.  The  theory  of  constraints  thus 
focuses  on  the  flow  of  production  through  the  system  to  increase  throughput,  which  is 
accomplished  by  eliminating  bottlenecks  to  reduce  inventory  and  cut  inventory  expenses 
(Salafatinos,  1995:  67).  ABC  can  complement  the  theory  of  constraints  because  it  brings 
new  insight  into  how  resources  are  consumed.  Increased  throughput  can  be  achieved 
more  efficiently  by  focusing  on  the  coordination  of  activities  rather  than  on  the  physical 
resources.  The  linking  of  production  and  non-production  activities  through  activity 
mapping  can  contribute  to  finding  bottlenecks  and  isolating  their  causes. 

ABC  for  Service  Activities.  ABC  was  originally  developed  for  use  in  the 
manufacturing  sector.  However,  recent  efforts  have  been  made  to  adapt  its  use  in  the 
service  sector.  The  DoD  is  no  exception.  According  to  Baseman,  the  Assistant  Secretary 
of  the  Air  Force  for  Financial  Management  (SAF/FM)  recognizes  the  potential  of  ABC  in 
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several  areas,  especially  in  the  recent  Outsourcing  and  Privatization  (O&P)  initiatives. 
ABC  can  be  used  to  complete  nearly  95  percent  of  the  Performance  Work  Statement 
requirements  of  the  A-76  studies  which  result  from  the  O&P  initiatives  (Baseman,  1997: 
27).  ABC  can  also  be  used  by  base-level  commanders  to  improve  operations.  ABC  will 
provide  the  commanders  with  the  cost  and  performance  of  processes,  products,  and 
services  within  their  organization  needed  to  make  important  decisions.  ABC  has  been 
deemed  so  important  in  the  Air  Force  that  SAF/FM  sponsors  classes  on  it  throughout  the 
year  and  has  a  home  page  devoted  to  only  ABC  issues  on  the  worldwide  web. 

Walters  looked  into  the  increased  use  of  ABC  in  the  local  and  state  governments, 
and  where  they  should  go  from  here.  He  feels  that  ABC  can  be  used  to  determine  costs 
of  providing  services  to  the  general  public,  such  as  filling  potholes.  In  this  way,  a  local 
government  can  determine  if  they  are  operating  efficiently  or  if  the  private  sector  can 
actually  perform  the  task  at  a  lesser  cost  (1996:  45).  However,  he  points  out  the  two 
main  reasons  why  the  public-sector  accounting  community  has  not  begun  to  use  ABC. 
First,  and  this  is  the  reason  stated  by  most  accountants,  public  or  private,  is  ABC’s 
perceived  difficulty.  The  other  reason  is  that  the  public-sector  accounting  community  has 
refused  to  embrace  ABC  as  an  official  part  of  its  practice  (Walters,  1996:  46).  They  feel 
that  ABC  is  more  of  a  form  of  budgetary  reporting  and  therefore,  although  the  public- 
sector  accounting  community  is  happy  to  advocate  ABC,  they  do  not  feel  the  need  to 
push  for  its  use.  Walters  suggests  that  local  and  state  governments  use  ABC  in  bite  size 
pieces,  as  it  is  with  the  manufacturing  community.  They  should  start  with  any  services 
that  are  being  considered  for  outsourcing,  and  work  from  there. 
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A  final  look  into  service  activity  oriented  ABC  is  provided  by  Rao.  Although  he 
didn’t  specifically  address  it  as  such,  his  research  included  distribution  organizations  and 
a  food  company,  all  of  which  provide  a  service  to  the  civilian  market.  One  use  of  ABC  in 
the  distribution  market  discovered  potential  savings  of  $2  million  for  a  company  that 
distributes  nearly  $7  billion  in  products  to  five  depots  (Rao,  1 995:  63).  Although  $2 
million  is  a  very  small  proportion  of  the  total  sales,  it  is  a  lot  when  compared  to  the  profit 
line.  This  example  can  be  related  directly  to  the  logistics  organizations  of  the  U.S.  Air 
Force,  in  which  the  five  depots  of  the  Air  Force  Material  Command  handle  billions  of 
dollars  of  equipment.  Although  the  Air  Force  is  not  in  it  for  profit,  there  is  surely  room 
for  cost  savings. 

Processes  Similar  to  ABC.  There  are  various  management  processes  and  tools 
which  are  very  similar  to  ABC.  One  such  method,  described  by  Greenwood  and  Reeve, 
is  Process  Cost  Management  (PCM),  which  they  define  as  explicitly  determining  the  cost 
of  the  processes  by  which  goods  and  services  are  designed,  procured,  delivered,  and 
supported  (1994:  4).  PCM  can  be  used  to  determine  the  cost  of  existing  processes  for  the 
purposes  of  benchmarking,  activity  cost  analysis,  or  product  costing.  It  is  much  more 
closely  aligned  with  process  simulation  than  it  is  to  historical  activity  tracking.  ABC 
leads  to  more  accurate  product  costs  and  a  much  better  understanding  of  the  long-term 
relationships  between  activity  drivers  and  resource  levels.  However,  there  is  no  tool  for 
linking  changes  in  products  or  processes  to  potential  changes  in  resource  levels.  This  is 
where  PCM  comes  in.  It  focuses  on  the  process  hierarchy  for  both  product  costing  and 
resource  spending  simulations.  The  flow  of  information  for  resource  spending  simulation 
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is  reverse  direction  (cost  objects  to  activities  to  resource  levels).  PCM  requires  more 
specification  than  a  typical  ABM  implementation.  Activity-based  cost  management  has 
moved  away  from  concerns  about  product  costing  to  broader  issues  dealing  with 
improving  competitiveness.  PCM  can  help  companies  improve  competitiveness  by 
providing  a  method  for  evaluating  the  impact  of  product  and  process  cost  drivers  on 
resource  spending  (Greenwood  and  Reeve,  1994:  1 8). 

Miller  looks  into  the  need  for  a  Cost  Management  System  (CMS).  Relevant 
information  to  plan,  direct,  and  manage  an  organization’s  activities  and  operations  is 
essential.  The  development  of  a  new  CMS  is  the  most  efficient  and  activist  response  to 
this  business  need  for  information  (1992:  41).  The  new  paradigm  for  cost  management 
is  focused  on  managing  processes  and  activities.  Cost  and  performance  measurements 
for  quality,  cycle  time,  customer  satisfaction,  and  productivity  are  established  at  the 
business  process  and  activity  levels.  The  purpose  of  a  CMS  is  to  provide  management 
with  relevant  information  needed  to  judge  how  well  cost  management  efforts  are 
working.  A  CMS  assesses  at  least  four  elements  when  measuring  the  total  performance 
of  activities:  productivity,  quality,  cycle  time,  and  customer  satisfaction  (Miller,  1992: 
43). 

Research  of  TT  Activities  Costs 

As  mentioned  previously,  little  work  has  been  accomplished  in  the  field  of  the 
costs  associated  with  performing  TT  activities.  One  exception  is  a  study  performed  by 
Captain  Jamie  Boyd,  USAF,  at  the  Air  Force  Institute  of  Technology,  Wright-Patterson 
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AFB,  Ohio.  His  work  analyzes  the  activities  performed  by  the  scientists  and  engineers 
(S&E)  working  on  TT  projects  at  Wright  Laboratories.  The  S&E  portion  of  the 
laboratories  would  be  categorized  as  direct  labor  by  most  costing  methods.  His  analysis 
found  that  92  percent  of  the  S&E  resources  were  being  consumed  by  just  one  major  TT 
step  (Transfer)  and  over  79  percent  specifically  by  the  transfer  sub-step  (Boyd,  1996:  5- 

7). 

However,  his  analysis  did  not  consider  any  indirect  costs  associated  with  TT.  The 
largest  portion  of  indirect,  or  overhead,  costs  is  performed  by  the  ORTA.  In  order  to  look 
at  the  complete  picture  of  the  cost  of  performing  TT  activities,  one  must  look  into  both 
direct  and  indirect  costs.  Therefore,  the  main  effort  of  this  thesis  will  be  directed  towards 
identifying  the  activities  performed  by  the  ORTA  personnel,  and  the  costs  associated  with 
performing  them.  A  sub-effort  of  this  research  will  be  to  analyze  multiple  laboratories, 
product  centers,  and  test  centers  that  have  ORTAs,  to  compare  differences  among  ORTA 
staffing.  By  comparing  staffing  levels  to  the  amount  of  TT  being  performed  it  is  hoped 
that  “step-wise”  ORTA  organization  can  be  determined,  which  would  indicate  an 
appropriate  staffing  level  based  on  TT  activity  level.  The  final  sub-effort  will  be  to 
determine  whether  TT  steps  not  being  performed  by  S&E  personnel  are  being  performed 
by  ORTA  personnel.  If  not,  then  who  is,  or  is  the  step  even  required. 
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III.  Methodology 


Introduction 

This  chapter  presents  the  methodology  used  in  conducting  this  research.  It  begins 
with  a  discussion  on  the  selection  of  the  overall  research  design.  Next,  the  data  collection 
plan  is  presented  and  then  followed  by  the  process  to  be  utilized  in  the  development  of 
the  data  collection  instrument.  It  concludes  with  the  method  of  data  analysis  employed. 

Research  Design 

As  stated  in  Chapter  I,  the  primary  objective  of  this  research  is  to  develop  an 
instrument  that  captures  the  resources  expended  by  ORTA  personnel  in  performing 
technology  transfer  activities.  Other  objectives  that  support  the  primary  objective  are  to 
identify  the  activities  being  performed  by  ORTA  personnel  and  the  costs  associated  with 
these  activities.  Previous  research  (Boyd,  1996)  found  several  activities  that  had  virtually 
no  resources  consumed  by  the  scientists  and  engineers  (who  would  be  considered  as 
direct  labor  by  most  costing  methods)  working  on  TT  projects  at  Wright  Laboratories, 
and  it  is  believed  that  these  activities  will  be  the  ones  performed  by  the  ORTA  personnel. 
Another  objective  is  to  provide  a  comparison  of  Wright  Laboratories’  ORTA 
organization  and  allocation  of  resources,  given  its  TT  activity  level,  to  other  Air  Force 
laboratories  in  an  attempt  to  determine  an  appropriate  “step-wise”  ORTA  organization 
size  for  a  given  level  of  TT  activity.  Comparisons  are  also  made  to  several  Air  Force 
logistics  centers  and  test  centers  that  have  ORTA  personnel  assigned.  The  main  item  of 
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interest  in  all  the  objectives  is  to  determine  the  amount  of  resources  consumed  by  ORTA 
personnel  in  performing  TT  activities. 

According  to  Cooper  and  Emory,  a  number  of  different  design  approaches  exist  in 
performing  a  research  study,  but  no  simple  classification  system  defines  all  the  variations 
that  must  be  considered.  They  list  eight  perspectives  which  can  be  used  to  classify  the 
research  design  that  is  appropriate  for  the  research  at  hand: 

1)  The  degree  to  which  the  research  problem  has  been  crystallized  (an 
exploratory  or  formal  study). 

2)  The  method  of  data  collection  (using  observation  or  survey). 

3)  The  power  of  the  researcher  to  produce  effects  in  the  variables  under  study. 

4)  The  purpose  of  the  study  (descriptive  or  causal). 

5)  The  time  dimension  (cross-sectional  or  longitudinal). 

6)  The  topical  scope  -  or  breadth  and  depth  -  of  the  study  (a  case  or  statistical 
study). 

7)  The  research  environment  (field  setting,  laboratory,  or  simulation). 

8)  The  subjects’  perceptions  of  the  research  (do  they  perceive  deviations  from 
their  everyday  routines). 

(Cooperand  Emory,  1995:  114-115) 

Each  of  these  perspectives  will  be  discussed  individually  in  determining  the  overall 
research  design,  using  the  definitions  of  each  perspective’s  classification  as  used  by 
Cooper  and  Emory. 

In  the  first  perspective,  degree  of  problem  crystallization,  one  can  view  a  study  as 
either  exploratory  or  formal.  An  exploratory  study  is  less  structured  than  a  formal  study, 
since  its  primary  purpose  is  to  develop  hypothesis  or  questions  for  further  research,  where 
a  formal  study  would  then  continue  the  research.  Since  this  research  is  a  first  attempt  to 
determine  the  resources  consumed  of  an  ORTA  organization  in  performing  TT  activities, 
it  can  be  classified  as  an  exploratory  study. 
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There  are  two  general  methods  of  collecting  data,  observation  and  survey.  In 
observation,  the  researcher  monitors  the  activities  of  his  subject,  and  it  is  therefore  a 
concurrent  data  collection  method.  In  the  survey  method,  the  researcher  questions 
subjects  and  collects  their  responses.  It  can  be  used  for  collecting  past,  present,  or  future 
(expectant)  data.  Since  an  ongoing  technology  transfer  exchange  can  take  over  a  year  to 
complete,  the  observational  method  would  be  illogical  to  attempt. 

In  the  third  perspective,  one  considers  the  researcher’s  ability  to  manipulate  the 
variables.  There  are  two  methods  used  by  Cooper  and  Emory  to  differentiate,  the 
experimental  and  ex  post  facto  designs.  In  an  experimental  design,  the  researcher 
attempts  to  control  or  manipulate  the  variables,  such  as  the  temperature  of  a  chemical 
reaction,  where  as  in  an  ex  post  facto  design,  the  researcher  has  no  control.  In  this 
research,  there  is  no  control  over  variables  such  as  the  number  of  technology  transfers 
being  conducted  or  the  activities  being  performed  by  ORTA  personnel.  Therefore,  an  ex 
post  facto  design  is  appropriate. 

The  next  perspective,  purpose  of  the  study,  has  characteristics  of  both  types  of 
studies,  descriptive  and  causal.  Since  the  primary  objective  is  to  determine  the  cost  of  the 
performing  TT  activities  by  ORTA  personnel,  it  is  descriptive.  However,  a  secondary 
objective  is  to  determine  differences  between  various  sizes  of  ORTA  organizations  (and 
perhaps  why  they  are  different),  which  has  the  characteristics  of  a  causal  study. 

In  classifying  the  time  dimension,  a  cross-sectional  study  is  performed  once  and 
represents  a  “snapshot”  of  one  point  in  time.  A  longitudinal  study  is  repeated  and  has  the 
advantage  of  tracking  changes  over  time.  Since  this  study  is  concerned  with  a  one  time 
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collection  of  resources  consumed  by  ORTA  personnel  in  performing  TT  activities,  a 
cross-sectional  study  is  appropriate. 

The  topical  scope  of  a  research  effort  can  be  classified  by  either  a  statistical  or 
case  study.  A  statistical  study  tries  to  describe  a  population’s  characteristics  by  making 
inferences  from  a  sample.  A  case  study  places  more  emphasis  on  fully  analyzing  fewer 
events  or  conditions  and  their  interrelations.  Since  the  objectives  of  this  research  are 
exploratory  and  no  attempt  to  infer  about  other  ORTAs  will  be  made  from  the 
information  obtained  from  the  ORTAs  researched,  this  research  falls  more  in  line  with  a 
case  study. 

The  research  environment  can  be  easily  classified  as  field  conditions,  since  the 
information  obtained  will  simply  represent  the  resources  used  while  ORTA  personnel 
performed  their  TT  activities  on  the  job. 

The  final  perspective,  subject’s  perceptions,  doesn’t  actually  classify  the  research 
design,  but  places  the  burden  on  the  researcher  not  to  influence  the  responses  of  the 
subjects  in  order  to  obtain  a  specific  result.  Therefore,  some  effort  is  required  in  the 
design  of  the  data  gathering  method  since  the  subjects  will  be  aware  that  the  research  is 
being  conducted. 

Based  on  the  eight  perspectives  required  to  classify  a  research  design,  this 
research  effort  is  an  exploratory,  cross-sectional  case  study  which  will  use  ex  post  facto 
questionnaires  of  ORTA  personnel  in  the  field.  The  research  attempts  to  describe  the 
amount  of  resources  consumed  by  ORTA  personnel  in  performing  TT  activities,  while 
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also  allowing  the  researcher  to  determine  why  any  differences  may  be  present  between 
the  sizes  of  different  ORTA  organizations. 

Methodology 

As  stated  in  Chapter  I  and  further  defined  in  Chapter  II,  Activity-Based  Costing 
(ABC)  is  the  primary  method  used  to  allocate  the  resources  used  by  ORTA  personnel  to 
the  TT  activities  they  perform.  There  are  certain  steps  which  can  be  identified  to  help  the 
reader  understand  the  process  of  ABC.  Since  this  is  the  first  attempt  to  use  ABC 
principles  to  cost  out  ORTA  resources,  a  new  ABC  system  is  developed.  As  mentioned 
in  Chapter  II,  Lawson  identifies  five  steps  in  the  design  of  an  ABC  system  (1994:  33). 
These  five  steps  are  repeated  here  for  reference: 

1)  Aggregate  actions  into  activities 

2)  Report  the  costs  of  activities 

3)  Identify  activity  centers 

4)  Select  the  first-stage  cost  drivers 

5)  Select  second-stage  cost  drivers. 

In  the  first  step,  all  the  actions  required  to  produce  a  product  or  service  are 
categorized  by  activities.  In  this  research  effort,  the  product  or  service  is  the  transfer  of 
technology.  The  Air  Force  Material  Command’s  Technology  Transfer  Handbook 
(TTHB)  lists  and  describes  the  six  major  steps  and  their  forty  sub-steps  of  the  Transfer 
Master  Process  (TMP)  performed  by  various  personnel  in  providing  TT  services.  These 
six  steps  and  their  sub-steps,  which  have  been  included  in  Appendix  A,  are  used  to 
identify  the  ABC  activities. 
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ABC  models  are  based  on  the  assumption  that  the  activities  performed  consume 
costs.  Thus,  costs  are  attributed  based  on  the  consumption  of  activities,  which  defines  the 
second  step.  It  is  in  the  performance  of  this  step  that  the  data  collection  will  take  place. 

A  questionnaire  was  developed  and  sent  to  each  ORTA  personnel  in  order  to  identify 
these  costs  and  to  determine  the  actual  activities  being  performed  by  ORTA  personnel.  A 
copy  of  this  questionnaire  can  be  found  in  Appendix  B. 

The  remaining  three  steps  define  the  principles  of  performing  ABC.  The  third 
step  identifies  which  departmental  costs  are  allocated  to  each  activity  or  cost  center.  For 
this  research  effort,  the  departmental  costs  are  represented  by  the  non-manpower 
expenses  consumed  by  each  ORTA  organization  in  performing  its  technology  transfer.  A 
separate  questionnaire  was  developed  and  sent  to  each  ORTA  organizational  point  of 
contact  (POC,  basically  an  organizational  manager)  for  those  ORTAs  being  researched. 
This  questionnaire,  which  can  be  found  in  Appendix  C,  serves  two  purposes:  to  identify 
the  organizational  level  costs,  and  to  obtain  a  level  of  TT  activity  being  performed  at  that 
organization. 

In  the  fourth  step,  the  ORTA  organizational  specific  costs  are  allocated  to  cost 
pools  using  an  allocation  basis.  The  ORTA  POCs  identified,  if  necessary,  the  activity 
drivers  associated  with  the  various  categories  of  overhead  costs.  These  activity  drivers 
represent  the  first-stage  cost  drivers,  and  were  limited  to  the  six  major  steps  of  the 
transfer  master  process. 

In  the  final  step,  the  costs  in  these  pools  (from  step  four)  are  allocated  to  the 
activities  identified  in  the  first  step  through  the  use  of  the  second-stage  cost  drivers.  The 
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second-stage  cost  drivers  were  identified  in  step  two  by  determining  which  of  the  sub¬ 
steps  (in  terms  of  percentage  of  total  time)  are  being  performed  by  the  ORTA  personnel. 

Based  on  the  information  required  to  implement  the  ABC  system,  a  series  of 
questions  were  developed  which  would  capture  the  costs  of  the  resources  consumed  by 
ORTA  personnel.  These  questions  were  incorporated  into  two  preliminary 
questionnaires,  one  for  each  ORTA  personnel  and  one  for  each  POC.  Both 
questionnaires  were  reviewed  by  the  research  sponsor  and  other  experts  of  the  field. 

Data  Collection  and  Analysis 

Using  the  six-step  technology  transfer  master  process  as  described  in  the  TTHB 
and  included  in  Appendix  A  as  a  guide,  a  single  questionnaire  was  developed  for  every 
member  of  each  ORTA  being  researched.  The  questionnaire  addresses  each  of  the 
activities  of  the  TMP  to  capture  both  the  quantity  of  time  spent  in  each  activity  and  to  aid 
in  the  development  of  the  second-stage  cost  drivers.  The  main  purpose  of  this 
questionnaire  is  to  determine  the  total  amount  of  time  spent  by  each  ORTA  person  on  the 
various  TT  activities,  and  to  determine  the  cost  of  these  resources.  This  questionnaire 
provides  the  bulk  of  the  information  required  to  develop  the  instrument  which  determines 
the  costs  associated  with  performing  the  various  TT  activities  by  ORTA  personnel.  A 
separate  questionnaire  was  developed  and  sent  to  each  ORTA  POC  to  identify  other 
indirect  costs  associated  to  that  ORTA’s  TT  activities  and  to  determine  the  amount  of 
technology  transfer  being  performed.  By  matching  the  TT  activity  level  for  an  ORTA  to 
the  costs  identified  from  both  questionnaires,  an  instrument  can  be  developed  that 
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indicates  a  “step-wise”  manning  level  (and  other  costs)  based  on  the  amount  of  TT  being 
performed. 

Each  respondent  was  directed  to  return  the  questionnaire  to  the  researcher,  where 
the  data  was  entered  into  Microsoft  Excel’s  spreadsheet  program  for  analysis.  ABC  was 
used  to  allocate  the  costs  among  the  various  activities  performed.  Figure  1  is  an  example 
of  one  spreadsheet,  with  letter  codes  breaking  out  the  various  sections  of  the  spreadsheet. 
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Section  A  of  Figure  1  contains  the  organizational  information  obtained  from  the 


questionnaires  sent  to  each  ORTA  POC.  This  section  is  shown  for  reference  in  Figure  2, 
It  includes  data  on  the  number  of  people  performing  ORTA  duties  in  each  organization, 
which  is  used  as  a  reference  to  determine  if  all  personnel  in  that  organization  returned  a 


questionnaire. 


Organization:  AFFTC,  Edwards  AFB,  CA 


1.  Number  of  personnel  performing  ORTA  Duties  in  your  organization  (inciudirig 


Full  Time: 
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. ALL  . 
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Other  (Please  Specify 

$0 

Figure  2.  Expansion  of  Section  A,  Organization  Data. 


Section  B,  shown  in  Figure  3,  identifies  the  personnel  costs  based  on  the  grade  or 
salary  of  the  respondents,  along  with  the  organizational  level  costs  from  section  A.  All 
costs  were  totaled,  and  a  cost  per  CRDA  for  each  ORTA  organization  was  calculated. 

Figure  4  shows  an  expansion  of  section  C,  which  contains  the  percentage  of  time 
each  ORTA  respondent  spends  on  the  various  TT  activities  listed  in  Appendix  A.  The 
data  from  this  section  is  transcribed  directly  off  the  respondent’s  questionnaire. 
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Section  D  is  the  data  analysis  section,  and  an  expanded  version  of  this  section  is 
found  in  Figure  5.  Using  the  percentage  of  time  for  each  activity  from  section  C  and  the 
hours  and  personnel  costs  from  section  B,  an  hourly  expenditure  and  personnel  cost  per 
activity*  is  calculated  for  each  respondent.  These  values  are  summed  (if  more  than  one 
person  in  the  organization)  to  calculate  the  hourly  expenditure  and  personnel  cost  per 
activity  for  each  ORTA  organization.  Finally,  the  organizational  level  costs  identified  in 


section  B  are  allocated  among  the  activities  using  ABC  and  the  appropriate  cost  drivers. 


Personnel 
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Figure  3.  Expansion  of  Section  B,  Cost  per  CRDA 
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Figure  4.  Expansion  of  Section  C,  Activity  Percentages 
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Figure  5-  Expansion  of  Section  D,  Data  Analysis 


There  are  several  limitations  with  the  use  of  these  questionnaires.  First,  because 
of  the  lack  of  direct  involvement  between  the  researcher  and  respondent,  some 
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respondents  may  have  simply  filled  out  the  questionnaire  in  an  effort  to  satisfy  their 
requirement  without  accurately  responding  to  the  questions.  It  is  hoped,  by  attempting  to 
include  all  ORTA  personnel  of  the  organizations  researched,  that  this  error  in  accuracy  is 
minimized.  Another  limitation  is  in  determining  a  “step- wise”  ORTA  staffing  level 
based  on  the  level  of  TT  being  performed.  The  missions  of  the  various  laboratories  varies 
significantly  (not  to  mention  the  logistics  centers  and  test  centers),  as  does  the  type  of 
research  being  performed.  Therefore,  it  may  be  possible  to  identify  an  appropriate  “step¬ 
wise”  ORTA  size  based  on  the  TT  level.  At  best,  such  an  instrument  should  be  used  as 
information  to  identify  differences  among  the  various  ORTA  organizations,  and  not  as  a 
tool  to  identify  organizations  that  appear  “fat.” 

Research  Sample  Population 

The  activities  performed  by  ORTA  personnel  are  generally  considered  as 
overhead  to  the  actual  transfer  of  technology  itself.  Therefore,  instead  of  being  assigned 
to  one  or  a  few  technology  transfer  projects,  an  ORTA  person  can  be  considered  to  be 
assigned  to  all  projects  being  transferred  by  their  organization.  Therefore,  it  is  not 
necessary  to  identify  representative  technology  transfer  projects  for  each  ORTA 
organization,  since  all  ORTA  personnel  will  be  assumed  to  be  performing  their  activities 
among  all  the  projects  completed  at  their  laboratory. 

Wright  Laboratories  was  selected  as  the  baseline  ORTA  organization  in  which 
other  ORTAs  will  be  compared  to  in  determining  the  ORTA  “right  size.”  It  was  selected 
for  the  baseline  because  it  was  the  only  laboratory  in  which  data  was  collected  for  a 
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previous  research  effort  of  the  direct  labor.  Also,  it  is  among  the  largest  laboratories  in 
terms  of  TT  activity. 

Due  to  the  small  number  of  personnel  assigned  to  each  ORTA,  the  population  for 
this  research  includes  all  personnel  who  perform  ORTA  duties  on  a  full  or  part  time  basis 
for  each  ORTA  organization  included  in  the  research.  A  separate  questionnaire  was  sent 
to  each  ORTA  person  through  their  respective  ORTA  Points  of  Contact  (POC).  Every 
effort  was  used  to  include  the  maximum  number  of  personnel  who  performed  ORTA 
activities  in  this  research.  The  following  ORTA  organizations  are  included  in  this 
research  effort: 

Laboratories: 

Wright  Laboratory,  Wright-Patterson  AFB,  OH 
Phillips  Laboratory,  Kirtland  AFB,  NM 
Rome  Laboratory,  Rome,  NY 

Air  Logistic  Centers  (ALC) 

Oklahoma  City  Air  Logistics  Center  (ALC),  Tinker  AFB,  OK 

Ogden  ALC,  Hill  AFB,  UT 

Wamer-Robins  ALC,  Wamer-Robins  AFB,  GA 

Test  Centers: 

Air  Force  Development  Test  Center,  Eglin  AFB,  FL 
Air  Force  Flight  Test  Center,  Edwards  AFB,  CA 


Research  Instrument  Development 

Development  of  the  data  collection  instrument  used  in  this  research  effort  begins 
with  an  analysis  of  the  steps  and  sub-steps  of  the  TMP  described  in  the  TTHB  and 
presented  in  Appendix  A.  Using  the  TMP  as  a  guide,  a  preliminary  questionnaire  is 
developed  to  quantify  the  resources  expended  by  the  ORTA  personnel  in  performing  their 


TT  activities.  In  a  meeting  with  the  AFMC  ORTA  manager  and  the  research  sponsor,  the 
questionnaire  was  refined  and  approved  before  being  sent  to  all  personnel  assigned  to  the 
ORTA  organizations  considered  for  this  research.  Besides  being  able  to  determine  the 
personnel  costs  associated  with  performing  the  ORTA  TT  activities,  this  questionnaire 
allows  the  researcher  to  determine  the  activities  actually  being  performed  by  ORTA 
personnel.  This  questionnaire  can  be  found  in  Appendix  B. 

A  previous  research  effort  identified  several  steps  of  the  TTHB  which  were  not 
being  performed  by  the  scientists  and  engineers  (S&E),  which  comprise  the  direct  labor 
portion  of  the  laboratories  (Boyd,  1996).  That  research  found  that  very  little  expenditures 
were  made  by  the  S&E  community  in  any  of  the  sub-steps  of  the  first  three  major  steps  of 
Strategy,  Identify  Technology,  and  Marketing.  In  fact,  only  sub-step  B2,  Evaluate 
Technology  Assets,  had  a  minor  expenditure  which  accounted  for  less  than  0.5  percent  of 
the  total  direct  resources  consumed  by  the  eight  projects  evaluated  (Boyd,  1996:  4.44). 
Major  step  D,  Identify  Transfer  Vehicle,  accounted  for  less  than  three  percent  of  the  total 
resources  consumed,  and  its  sub-steps  were  performed  in  only  two  of  the  eight  projects 
evaluated.  Major  step  E,  Perform  Transfer,  consumed  the  largest  portion  of  resources 
(nearly  77  percent).  However,  sub-step  E8,  Collect  Transfer  Revenues,  was  not 
performed  at  all  and  sub-step  E5,  Authorize  the  Transfer,  was  performed  in  only  one 
project.  The  final  major  step,  Post-Transfer  Administration,  accounted  for  about  five 
percent  of  the  total  resources  consumed,  but  sub-steps  FI  (Track  Process  Implement)  and 
F5  (Transfer  Revenue  Allocation)  were  not  performed  at  all,  while  F4  (Transfer  Activity 
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Evaluation)  and  F6  (Award  and  Recognize  Individuals)  were  performed  in  only  one 
project. 

In  order  to  collect  data  of  other  costs  specific  to  each  laboratory  expended  by  the 
ORTAs,  and  to  determine  the  level  of  transfer  activity  being  performed  at  each 
laboratory,  another  questionnaire  was  developed  and  sent  to  the  director  of  each 
laboratory  ORTA  being  researched.  This  questionnaire  was  also  refined  and  approved  by 
the  AFMC  ORTA  manager  and  the  research  sponsor.  The  questionnaire  allowed  the 
researcher  to  identify  other  overhead  costs,  such  as  training  or  supplies,  which  might  be 
specific  to  each  ORTA.  A  copy  of  this  questionnaire  can  be  found  in  Appendix  C. 

Data  Analysis  and  Interpretation 

As  the  questionnaires  are  received  from  the  respondents,  each  is  checked  for 
accuracy  and  completeness,  and  any  further  questions  which  arise  are  handled 
immediately.  The  questionnaires  are  separated  by  organization,  then  the  data  from  them 
entered  in  Microsoft’s  Excel  spreadsheet  program  for  analysis,  with  a  separate 
spreadsheet  file  used  for  each  organization.  All  spreadsheet  entries  can  be  found  in 
Appendix  D. 

For  each  ORTA  personnel  questionnaire  respondent,  the  percentage  of  time  spent 
performing  ORTA  duties  (if  not  full  time)  is  multiplied  by  the  appropriate  man  hours  of  a 
full  time  employee  to  determine  the  total  man  hours  consumed.  The  Office  of 
Management  and  Budget  (OMB)  Circular  A-76,  Performance  of  Commercial  Activities, 
states  that  a  full  time  equivalent  employee  has  1,776  man  hours  available  for  productive 
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purposes;  and  this  figure  is  used  for  all  ORTA  personnel.  The  total  for  each  respondent  is 
then  allocated  to  each  sub-step  based  on  the  percentage  of  time  each  respondent  stated 
they  performed.  All  the  respondents  of  a  particular  ORTA  organization  are  then 
aggregated  and  the  percentage  of  total  man  hours  consumed  on  ORTA  activities  for  each 
sub-step  is  calculated  for  a  specific  ORTA  organization.  The  salaries  of  each  of  these 
ORTA  persons  is  calculated  using  the  values  listed  in  Air  Force  Instruction  (AFI)  65-503 
if  military  or  civilian,  or  the  salary  as  stated  on  the  questionnaire  will  be  used  if  a 
contractor.  These  salaries  are  also  allocated  to  the  various  sub-steps  for  each  respondent 
in  the  same  manner  as  the  man-hours,  and  then  aggregated  for  each  ORTA  organization. 

For  each  ORTA  POC  questionnaire  respondent,  the  data  is  entered  in  the  same 
spreadsheet  file  as  the  ORTA  personnel  responses.  For  each  category  of  organizational 
level  cost,  an  appropriate  cost  driver  is  identified.  Using  the  principles  of  ABC,  the 
organizational  level  costs  of  performing  ORTA  TT  activities  is  allocated  among  the 
various  sub-steps.  For  instance,  say  that  a  particular  category  of  expense  had  the  cost 
driver  of  major  step  C,  Marketing.  Then  the  value  of  this  category’s  expenses  are 
allocated  to  the  four  marketing  sub-steps  only,  based  on  the  percentage  of  time  that 
ORTA  organization’s  personnel  spent  in  each  sub-step  of  marketing.  Likewise,  the  total 
amount  of  TT  activity  being  performed  (in  terms  of  CRDA  activity)  is  entered  into  the 
appropriate  file  and  a  “cost  per  CRDA”  is  calculated. 

As  stated  earlier,  each  ORTA  organization’s  responses  is  analyzed  separately,  so 
that  further  analysis  can  be  made  to  compare  the  differences  in  resources  consumed  for 
the  amount  of  TT  being  performed  for  each  ORTA  organization  researched.  Also, 
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references  are  made  as  to  the  differences  in  sub-steps  being  performed  by  each 
organization,  but  no  reason  as  to  why  is  stated  because  the  mission  and  types  of 
technologies  being  transferred  differ  among  the  various  ORTA  organizations. 

Expected  Results 

The  analysis  of  the  data  should  reveal  that  the  various  sub-steps  listed  above  as 
not  being  performed  by  S&E  personnel  are  being  performed  by  the  ORTA  personnel. 
Since  the  expenses  of  the  ORTA  organizations  are  considered  indirect  costs,  it  is 
expected  that  those  organizations  that  have  the  highest  amount  of  TT  activity  will  have 
the  lowest  “cost  per  CRD  A”  based  on  economies  of  scale.  The  results  of  these  analyses 
are  presented  in  the  following  chapters. 

Summary 

This  chapter  presented  the  methodology  used  to  conduct  this  research.  First,  a 
discussion  on  the  selection  of  the  overall  research  design  was  presented,  followed  by  the 
data  collection  plan.  Then,  the  process  utilized  in  the  development  of  the  data  collection 
instrument  was  presented.  Finally,  the  method  of  data  analysis  was  defined.  Chapter  IV 
presents  the  detailed  analysis  and  results  of  the  collected  data,  while  Chapter  V  contains 
the  conclusions  of  the  research  and  recommendations  for  further  research. 
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IV.  Analysis  and  Results 


Introduction 

The  objective  of  this  research  is  to  identify  the  indirect  costs  of  performing 
technology  transfer  (TT)  activities  from  the  Unites  States  Air  Force  to  the  private  sector. 
Other  objectives  include:  determining  the  activities  performed  by  the  personnel  who 
perform  duties  while  assigned  to  Office  of  Research  and  Technology  Applications 
(ORTA)  offices,  making  comparisons  among  the  ORTAs,  and  determining  a  “step-wise” 
manning  and  other  resource  consumption  level  based  on  the  amount  of  TT  being 
accomplished.  The  chapter  begins  with  a  brief  overview  of  the  collected  data,  discussing 
problems  encountered  during  data  collection.  Then,  an  in-depth  analysis  is  accomplished 
and  the  results  provided,  using  an  overall  approach  first  and  continuing  with  the 
examination  of  individual  ORTAs.  All  references  made  to  “activity  or  activities”  refer  to 
the  various  sub-steps  of  the  Transfer  Master  Process  (TMP)  in  Appendix  A. 

Data  Overview 

As  stated  in  Chapter  III,  there  were  8  ORTA  organizations  included  in  this 
research  effort.  However,  it  was  originally  intended  that  two  product  centers  and  one 
additional  laboratory  be  included  in  the  research,  but  problems  with  data  collection  forced 
the  dropping  of  the  two  product  centers:  Electronic  Systems  Center  at  Hanscom  AFB, 
MA,  and  Space  and  Missile  Center  at  Los  Angeles  AFB,  CA.  Also,  incomplete  data  from 
Armstrong  Laboratory  at  Brooks  AFB,  TX,  caused  it  to  be  dropped,  but  the  personnel 
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costs  of  those  personnel  at  Armstrong  who  did  respond  are  included  at  the  macro-analysis 
level  portion  of  this  research. 

Of  the  eight  ORTAs  included  in  this  research,  one  location,  Phillips  Laboratory, 
responded  with  a  composite  percentage  of  time  per  activity  for  the  entire  laboratory 
instead  of  individual  responses.  Although  the  net  result  is  the  same  in  terms  of  total 
resources  consumed,  a  slight  loss  in  accuracy  does  result  when  an  estimate  is  used  for  an 
entire  group.  Two  locations,  Wright  Laboratory  and  Rome  Laboratory,  had  several 
personnel  who  did  not  respond  to  the  questionnaire.  In  these  cases,  the  grades  of  those 
personnel  were  obtained  and  their  costs  allocated  to  the  activities  based  on  a  prorated 
percentage  of  the  other  respondents. 

Finally,  with  the  exception  of  the  category  of  organizational  level  costs  of 
marketing,  no  specific  cost  driver  in  terms  of  the  major  or  sub-steps  of  Appendix  A  could 
be  identified.  This  is  not  surprising,  since  the  ORTA  organizations  perform  duties 
considered  as  indirect  or  overhead,  their  organizational  expenses  would  be  consumed  on 
the  same  activities  that  the  personnel  spent  time  on.  Therefore,  all  non-marketing 
organizational  expenses  will  be  allocated  among  the  various  activities  based  on  the 
organization’s  percentage  of  total  man  hours  spent  on  that  activity. 

Data  Entry  and  Computations 

Referring  to  Figures  1  through  5  of  Chapter  III,  a  separate  worksheet  similar  to 
Figure  1  was  generated  in  Microsoft  Excel  for  each  ORTA  organization.  Each  of  the 
eight  organizations  used  in  this  analysis  returned  their  organizational  questionnaire  from 
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Appendix  C,  and  the  data  was  entered  in  section  A  (refer  to  Figure  2).  Each  respondent 
of  an  ORTA  organization  had  a  separate  column  developed  similar  to  section  C  of  Figure 
4.  The  percentages  per  activity  from  each  respondent  to  the  questionnaire  from  Appendix 
B  were  entered  in  section  C.  For  each  respondent,  the  standard  composite  pay  rates  of 
Air  Force  Instruction  65-503  was  used  to  determine  an  annual  personnel  cost  if  military 
or  civil  service,  or  the  actual  salary  as  stated  on  the  questionnaire  was  used  if  a  contractor. 
These  personnel  costs  were  entered  in  section  B  similar  to  Figure  3.  Each  person  in  the 
ORTA  was  given  a  full  time  equivalent  man-year  allocation  of  1 ,776  hours,  as  stated  in 
the  Office  of  Manpower  and  Budget  Circular  A-76.  If  the  respondent  only  performed 
duties  in  their  respective  ORTA  on  a  part  time  basis,  the  percentage  of  time  they  spent 
performing  ORTA  work  was  multiplied  by  the  man  hours  and  personnel  cost  for  that 
person  in  section  B.  The  organizational  level  expenses  were  also  entered  in  section  B. 

The  available  man  hours  per  person,  personnel  costs,  and  organizational  level 
expenses  were  totaled  for  each  ORTA  in  section  B.  Then,  the  personnel  costs  were  added 
to  the  organizational  expenses  to  determine  the  total  cost  of  resources  consumed  for  each 
ORTA.  In  section  D  for  each  respondent,  the  percentage  of  time  they  spent  per  activity 
in  section  C  was  multiplied  by  their  respective  personnel  cost  and  available  man  hours  in 
section  B  to  determine  a  personnel  cost  and  man  hour  consumption  per  activity,  similar  to 
Figure  5.  The  total  man  hours  and  personnel  costs  per  activity  for  all  personnel  were 
summed  in  each  ORTA  organization.  A  copy  of  each  ORTA  organization’s  worksheet 
can  be  found  in  Appendix  D. 


In-depth  Analysis  and  Results 

Using  the  principles  of  activity-based  costing,  the  organizational  level  expenses 
were  allocated  among  the  various  activities  performed  by  the  ORTA  personnel.  The 
organizational  expense  category  of  marketing  had  major  step  C,  marketing,  as  its  cost 
driver.  The  expenses  for  this  category  were  allocated  among  the  sub-steps  Cl  through  C4 
based  on  the  percentage  of  man  hours  spent  on  these  activities  to  the  total  man  hours 
spent  on  major  step  C.  All  other  organizational  expenses  had  no  specific  step  as  its  cost 
driver.  Therefore,  all  other  expenses  were  allocated  to  the  various  sub-steps  based  on  the 
percentage  of  man  hours  spent  on  each  sub-step  to  the  total  man  hours  used  by  the 
organization.  These  allocated  expenses  were  added  to  the  personnel  costs  per  activity  to 
calculate  the  ORTA  organization’s  total  cost  per  activity.  Finally,  the  percentage  of  total 
costs  for  each  activity  was  calculated. 

Macro-Analysis  of  ORTAs.  A  separate  spreadsheet  was  developed  which 
combines  each  organization’s  total  cost  and  man  hours  per  activity  into  an  overall  look  at 
all  the  ORTAs  examined  in  this  research  effort.  The  percentage  of  total  costs  for  each 
activity  for  all  ORTAs  was  calculated.  Two  graphs  of  these  percentages  axe  presented  as 
Figures  6  and  7  below.  Figure  6  shows  the  percentage  of  all  costs  consumed  by  all 
ORTA  organizations  for  each  of  the  six  major  steps  of  the  TMP  in  Appendix  A.  The 
additional  category  of  “Other”  was  added  to  track  activities  performed  by  ORTA 
personnel  which  differed  from  those  listed  in  Appendix  A.  Figure  7  breaks  this  down 
into  the  various  sub-steps  or  activities  performed  by  the  ORTA  personnel.  For  this 
analysis,  any  percentage  above  one-half  of  one  percent  was  considered  significant.  Any 
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sub-step  that  had  less  than  one-half  of  one  percent  of  total  costs  consumed  was 
considered  as  not  being  performed  at  a  significant  level  by  the  ORTA  organizations. 


PERCENT  OF  COSTS  BY  MAJOR  STEP 
ALL  ORTA  ORGANIZATIONS 


A  B  C  D  E  F  OTHER 

MAJOR  STEP 


Figure  6.  Percent  of  Costs  by  Major  Step  -  All  ORTA  Organizations 


PERCENT  OF  COSTS  BY  SUB-STEP 
ALL  ORTA  ORGANIZATIONS 


Figure  7.  Percent  of  Costs  by  Sub-step  -  All  ORTA  Organizations 
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A  quick  view  of  Figure  6  finds  two  surprising  results:  the  percentage  of  costs 
consumed  in  major  step  E,  perform  transfer,  appears  to  be  excessive,  while  the  amount 
consumed  by  step  F,  post-transfer  administration,  appears  to  be  low.  An  analysis  of  each 
step  follows. 

Major  step  A,  strategy,  had  the  highest  percentage  of  total  costs,  consuming  over 
one  fourth  of  the  total  ORTA  resources.  This  result  is  expected,  since  strategy  is 
considered  to  be  a  management  duty  performed  by  overhead  personnel.  All  of  major  step 
A’s  sub-steps  had  significant  percentages;  although  sub-step  A5,  receive  funding 
authority,  came  close  to  being  insignificant  at  just  under  one  percent  of  total  costs. 

Major  step  B,  identify  technology,  consumed  6.7  percent  of  the  total  ORTA 
resources.  Although  this  does  appear  to  be  low  for  a  step  considered  to  be  part  of  the 
ORTA’s  responsibilities,  there  are  only  three  sub-steps  to  this  major  step,  and  all  three 
sub-steps  came  in  with  significant  percentages. 

Major  step  C,  marketing,  had  the  third  highest  percentage  at  21.3  percent  of  total 
resources  consumed.  This  result  was  expected  even  though  there  are  only  four  sub-steps 
to  marketing,  since  this  is  the  only  major  step  that  was  identified  as  a  specific  cost  driver 
for  any  of  the  organizational  level  expenses.  All  of  the  four  sub-steps  were  very 
significant,  ranging  from  3.5  to  over  seven  percent  of  the  total  costs  per  activity. 

Major  step  D,  identify  transfer  vehicle,  had  1 1 .6  percent  of  the  total  ORTA 
resources  consumed.  With  its  five  sub-steps,  this  puts  it  in  line  with  major  step  B, 
identify  technology,  in  terms  of  percentage  per  sub-step,  which  is  expected,  since  these 
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two  major  steps  are  related.  Sub-step  D5,  reaffirm  appropriate  vehicle,  was  almost 
insignificant,  with  just  over  one-half  of  one  percent  of  total  costs. 

Major  step  E,  perform  transfer,  had  a  surprisingly  high  22.7  percent  of  the  total 
ORTA  resources  consumed.  It  was  expected  that  several  of  the  sub-steps,  in  particular 
sub-step  E6,  transfer  the  technology,  would  have  little,  if  any  resources  consumed.  Sub¬ 
step  E6  was  the  one  sub-step  in  which  a  previous  research  effort  on  direct  costs  found  the 
majority  of  resources  to  be  expended.  It  is  theorized  that  the  2.2  percent  of  ORTA 
resources  consumed  in  sub-step  E6  was  the  result  of  the  fact  that  a  good  portion  of  ORTA 
personnel  are  from  the  scientist  and  engineering  (S&E)  community  who  are  “doubling 
up”  as  ORTA  personnel.  Only  one  sub-step,  E8,  was  insignificant  with  less  than  one  half 
of  one  percent  of  total  ORTA  resources  expended. 

In  direct  contrast  to  major  step  E,  major  step  F,  post-transfer  administration,  had  a 
surprising  low  10.8  percent  of  the  total  ORTA  resources  expended  among  its  various  sub¬ 
steps.  The  various  sub-steps  of  major  step  F  are  all  activities  considered  to  be 
accomplished  by  overhead  personnel.  However,  sub- step  F5,  transfer  revenue  allocation 
was  insignificant  with  less  than  one  half  of  one  percent  of  resources  consumed,  while 
sub-step  F6  was  nearly  insignificant  with  just  under  one  percent. 

The  Other  category,  which  accounts  for  activities  specified  by  respondents  which 
did  not  match  any  of  the  sub-steps  in  Appendix  A,  consumed  1 .3  percent  of  the  total 
ORTA  resources.  The  majority  of  these  costs  were  identified  as  being  expensed  on 
coordinating  TT  activities  with  other  ORTA  organizations. 
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The  previous  research  effort  by  Captain  Jamie  Boyd  (1996)  on  the  direct  labor 
costs  of  performing  TT  activities  at  Wright  Laboratories  found  that  of  all  the  sub-steps 
within  the  first  major  steps  A,  B,  and  C,  only  one  sub-step  (B2:  evaluate  technology 
assets)  had  any  expenditures  at  all.  This  research  effort  found  all  such  sub-steps  to  have 
expended  a  significant  amount  of  ORTA  resources.  Only  sub-step  A5,  receive  funding 
authority,  was  even  close  to  being  insignificant  at  just  under  one  percent  of  total  ORTA 
resources  consumed.  Captain  Boyd’s  research  found  the  sub-steps  of  major  step  D 
accounted  for  less  than  three  percent  of  total  direct  labor  costs,  and  that  the  sub-steps 
were  performed  in  only  two  of  the  eight  projects  evaluated.  In  comparison,  all  of  major 
step  D’s  sub-steps  were  significant  users  of  ORTA  resources  with  the  exception  of  D5, 
which  was  almost  insignificant  at  just  over  one  half  of  one  percent.  Of  the  two  sub-steps 
in  major  step  E  which  had  little  or  no  direct  resources  consumed,  sub-step  E5,  authorize 
the  transfer,  was  very  significant  with  nearly  five  percent  of  total  ORTA  resources 
consumed.  However,  sub-step  E8,  collect  transfer  revenues,  was  insignificant  in  terms  of 
ORTA  resources.  Finally,  Captain  Boyd’s  work  found  sub-steps  FI,  F4,  F5,  and  F6  to 
have  consumed  little  or  no  direct  resources  expended.  This  research  found  FI,  F4,  and  F6 
to  be  significant,  but  sub-step  F5,  transfer  revenue  allocation,  was  insignificant  with  less 
than  one  half  of  one  percent  of  total  ORTA  resources  consumed. 

The  Laboratories.  A  separate  spreadsheet  was  developed  which  accounted  for  all 
the  laboratories  total  cost  and  man  hours  per  activity  to  provide  an  overall  look  at  the 
Laboratories’  ORTAs  examined  in  this  research  effort  as  a  whole.  The  percentage  of 
total  costs  for  each  activity  for  all  Laboratories  was  calculated.  Two  graphs  of  these 
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percentages  are  presented  below  as  Figures  8  and  9.  Also,  each  laboratory  has  separate 
graphs  pertaining  to  its  percentage  of  costs  by  major  step  and  by  sub-step.  These  are 
presented  as  Figures  10  and  1 1  for  Wright  Laboratories,  Figures  12  and  13  for  Phillips 
Laboratory,  and  Figures  14  and  15  for  Rome  Laboratory. 

Figures  8  and  9  are  very  similar  to  Figures  6  and  7,  respectively.  This  is  not 
surprising,  since  the  laboratories  conduct  the  majority  of  the  Air  Force’s  research. 
Therefore,  they  transfer  the  greatest  amount  of  technology  (in  terms  of  Cooperative 
Research  and  Development  Agreements  -  CRD  As),  while  expending  the  most  resources 
in  performing  TT  activities.  The  cost  per  activity  by  laboratory  ORTAs  drives  the  cost 
per  activity  for  all  the  ORTAs. 

Differences  do  exist  among  the  separate  laboratories,  as  shown  in  Figures  10 
through  15.  For  instance,  major  step  A,  strategy,  consumed  the  most  total  ORTA  (and 
laboratory  ORTA)  resources,  but  it  ranked  third  behind  perform  transfer  (major  step  E) 
and  marketing  (major  step  C)  in  Wright  Laboratory,  and  it  was  tied  for  fifth  in  Rome 
Laboratory.  Wright  Laboratory  was  the  only  laboratory  that  had  sub-steps  other  than 
those  identified  in  the  total  ORTA  results  which  were  also  insignificant  (A9,  assess  return 
on  investment;  C4,  create  technology  demand;  E4,  review  for  legal  sufficiency;  and  F8, 
prepare  performance  reports).  It  was  also  the  only  laboratory  that  identified  resources 
expended  in  the  “Other”  category. 

However,  there  were  similarities  among  the  laboratories  also.  The  two  sub-steps 
determined  to  be  insignificant  in  terms  of  total  ORTA  resources  (E8  and  F5),  were  found 
to  be  insignificant  in  Wright  and  Phillips  Laboratories  and  only  consumed  1 .2  percent  of 
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Rome  Laboratories  ORTA  resources.  Likewise,  sub-step  D5,  which  was  just  barely 
significant  in  total  ORTA  resources  with  one  half  of  one  percent,  had  less  than  one 
percent  for  all  three  laboratories. 


PERCENT  OF  COSTS  BY  MAJOR  STEP 
LABORATORIES  ORTAS  ONLY 
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Figure  8.  Percent  of  Costs  by  Major  Step  -  All  Laboratory  ORTAs 
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Figure  9.  Percent  of  Costs  by  Sub-step  -  All  Laboratory  ORTAs 


61 


Other 


SUB-STEP 


Figure  11.  Percent  of  Costs  by  Sub-step  -  Wright  Laboratory  ORTA 
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PERCENTAGE  OF  COSTS  BY  MAJOR  STEP 
PHILLIPS  LABORATORY  ORTA  ONLY 
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Figure  12.  Percent  of  Costs  by  Major  Step  -  Phillips  Laboratory  ORTA 
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Figure  13.  Percent  of  Costs  by  Sub-step  -  Phillips  Laboratory  ORTA 
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PERCENTAGE  OF  COSTS  BY  MAJOR  STEP 
ROME  LABORATORIES  ORTA  ONLY 


MAJOR  STEP 


Figure  14.  Percent  of  Costs  by  Major  Step  -  Rome  Laboratory  ORTA 


PERCENTAGE  OF  COSTS  BY  SUB-STEP 
ROME  LABORATORY  ORTA  ONLY 


Figure  15.  Percent  of  Costs  by  Sub-step  -  Rome  Laboratory  ORTA 

The  Air  Logistics  Centers.  Using  the  same  procedure  as  was  accomplished  with 
the  laboratories,  a  spreadsheet  was  developed  to  track  the  cost  and  man  hours  expended 
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per  activity  for  the  three  Air  Logistics  Centers  (ALC).  The  percentage  of  cost  per  activity 
in  terms  of  total  ALC  costs  was  calculated,  and  the  results  are  shown  in  Figures  16  for 
major  step  expenditures  and  17  for  sub-step  expenditures.  Similar  graphs  are  presented  in 
Figures  18  through  23  for  the  separate  ALCs. 

Comparing  Figures  16  and  17  to  Figures  6  and  7,  the  ALC  ORTAs,  as  a  whole, 
differ  significantly  in  resources  consumed  per  activity  from  the  overall  ORTA 
consumption  rate.  Besides  major  step  E,  there  is  no  major  step  that  stands  above  the  rest 
in  expending  resources.  The  only  two  sub-steps  that  have  insignificant  resources 
expended  (less  than  one  half  of  one  percent)  are  A3,  resource  requirements  into  budget, 
and  A5,  receive  funding  authority.  The  two  sub-steps  identified  as  insignificant  in  total 
ORTA  resources  consumed  E8  and  F5)  were  both  significant  at  the  ALC  level,  although 
sub-step  F5,  transfer  revenue  allocation,  expended  less  than  one  percent  of  the  ALCs 
resources.  The  large  percentage  expended  in  major  step  E  can  be  attributed  to  the  small 
size  of  the  ALC  ORTAs,  which  are  at  most  two  persons  deep.  Even  with  such  a  high 
percentage,  only  6.4  percent  was  spent  performing  sub-step  E6,  transfer  the  technology, 
which  is  considered  an  activity  performed  with  direct  labor.  Since  the  laboratories  had 
similar  results  to  the  combined  total  of  all  ORTA  organizations,  the  ALCs  have  nearly  the 
same  differences  among  the  laboratories  as  they  do  with  the  total  ORTA  activity 
consumption  rate. 
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PERCENT  OF  COSTS  BY  MAJOR  STEP 
LOGISTICS  CENTERS  ORTAS  ONLY 
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Figure  16.  Percent  of  Costs  by  Major  Step  -  All  ALC  ORTAs 
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Figure  17.  Percent  of  Costs  by  Sub-step  -  All  ALC  ORTAs 
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PERCENTAGE  OF  COSTS  BY  MAJOR  STEP 
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Figure  18.  Percent  of  Costs  by  Major  Step  -  Ogden  ALC  ORTA 
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Figure  19.  Percent  of  Costs  by  Sub-step  -  Ogden  ALC  ORTA 
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Figure  20.  Percent  of  Costs  by  Major  Step  -  Warner-Robins  ALC  ORTA 
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Figure  21.  Percent  of  Costs  by  Sub-step  -  Warner-Robins  ALC  ORTA 
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Figure  22.  Percent  of  Costs  by  Major  Step  -  Oklahoma  City  ALC  ORTA 
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Figure  23.  Percent  of  Costs  by  Sub-step  -  Oklahoma  City  ALC  ORTA 

Due  to  the  small  size  of  the  ALC  ORTAs,  there  was  significant  differences 
between  the  ALCs  among  the  activities  being  performed.  Ogden  ALC  expended  52 
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percent  of  its  total  resources  in  major  step  E,  but  surprisingly  only  two  percent  in  sub-step 
E6.  This  is  a  very  small  percentage  when  compared  to  Wamer-Robins  ALC,  in  which 
nearly  one  third  of  the  36.4  percent  (1 1 .6  percent)  consumed  by  major  step  E  was 
expended  in  sub-step  E6.  Ogden  ALC  had  no  resources  consumed  in  13  sub-steps,  while 
Oklahoma  City  ALC  had  only  five  sub-steps  with  no  resources.  Wamer-Robins  ALC 
reported  significant  expenditures  in  all  the  sub-steps,  but  17  sub-steps  were  just  barely  so 
at  0.6  percent. 

The  Test  Centers.  A  separate  spreadsheet  was  also  created  for  the  two  test  centers 
in  order  to  combine  their  cost  and  man  hour  expenditure  per  activity.  The  percentage  of 
total  test  center  resource  cost  per  activity  was  calculated  and  the  results  are  presented  as 
Figures  24  for  the  major  steps  and  25  for  the  sub-steps.  The  two  test  centers’  percentage 
of  cost  per  activity  was  also  calculated  and  their  results  can  be  found  in  Figures  26 
through  29. 

Figure  24  shows  similar  results  to  Figure  6,  in  that  the  test  centers  expend 
approximately  the  same  percentage  of  resources  in  each  major  step  as  the  total  resources 
of  all  ORTAs.  Flowever,  Figure  25  is  quite  different  than  Figure  7,  which  means  the  test 
centers  do  not  expend  their  resources  in  the  same  sub- steps  (activities)  as  all  ORTAs 
combined.  There  were  three  sub-steps  that  had  no  resources  consumed  in  the  test  center 
ORTAs  and  they  all  fell  under  major  step  F,  post-transfer  administration  (F5,  transfer 
revenue  allocation;  F6,  award  and  recognize  individuals;  and  F8,  prepare  performance 
reports).  Two  sub-steps  which  are  significant  in  all  other  ORTA  organization  (Bl,  query 
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database  and  B3,  maintain  information  base)  were  only  slightly  significant  in  the  test 
centers,  consuming  only  0.6  percent  of  test  center  ORTA  resources.  The  reason  the  major 
steps  were  similar  and  the  sub-steps  differed  is  that  one  test  center  (Air  Force 
Development  Test  Center  -  AFDTC)  closely  resembled  a  laboratory  in  resources  and  TT 
activity.  The  other  test  center  (Air  Force  Flight  Test  Center  -  AFFTC)  was  one  person 
deep  and  resembled  an  ALC  in  resources  and  TT  activity.  Therefore,  the  Development 
Test  Center  drove  the  percentages  of  resources  in  the  major  steps,  but  the  Flight  Test 
Center  influenced  the  results  of  the  sub-steps  ORTA  resource  consumption  rate. 

Because  each  of  the  two  test  centers  closely  resembled  the  two  opposite  ends  of 
the  ORTA  spectrum,  there  were  many  differences  between  them.  The  AFDTC  had  no 
resources  expended  in  the  same  three  sub-steps  as  the  combined  test  center  ORTAs.  It 
also  had  three  sub-steps  that  were  nearly  insignificant;  A5,  receive  funding  authority;  Bl, 
query  database,  and  B3,  maintain  information  base.  It  did  have  a  significant  amount  of 
resources  expended  in  sub-step  E8,  collect  transfer  revenues,  which  was  insignificant  in 
most  ORTA  organizations  and  at  the  combined  ORA  level.  The  AFFTC,  which 
resembled  an  ALC  in  resources  and  TT  activity,  had  24  sub-steps  that  consumed  no 
resources.  Being  a  one  person  ORTA,  the  activity  resource  consumption  rate  depended 
upon  the  activities  performed  by  that  individual. 
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Figure  24.  Percent  of  Costs  by  Major  Step  -  All  Test  Centers  ORTAs 
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Figure  25.  Percent  of  Costs  by  Sub-step  -  All  Test  Centers  ORTAs 
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C  D 

MAJOR  STB> 


Figure  26.  Percent  of  Costs  by  Major  Step  -  AFDTC  ORTA 


PERCENTAGE  OF  COSTS  BY  SUB-STEP 
AFDTC  ORTA  ONLY 


SUB-STEP 

Figure  27.  Percent  of  Costs  by  Sub-step  -  AFDTC  ORTA 

PERCENTAGE  OF  COSTS  BY  MAJOR  STEP 
AFFTC  ORTA  ONLY 


40% 


A  B  C  D  E  F 

MAJOR  STEP 


Figure  28.  Percent  of  Costs  by  Major  Step  -  AFDTC  ORTA 


PERCENTAGE  OF  COSTS  BY  SU&STB3 
AFFTC  ORTA  ONLY 


Figure  29.  Percent  of  Costs  by  Sub-step  -  AFDTC  ORTA 

i 
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Cost  per  CRDA.  The  total  costs  of  all  resources  at  each  ORTA  organization  was 


calculated,  along  with  the  TT  activity  level  in  terms  of  the  number  of  CRD  As.  From 
these  figures,  a  cost  per  CRDA  was  calculated  for  each  ORTA  and  presented  in  Table  1. 

It  was  originally  hypothesized  that  a  “step-wise”  consumption  of  resources  would 
become  evident  based  on  the  activity  level  of  the  ORTA  in  terms  of  CRD  As.  However, 
the  results  in  Table  1  show  huge  differences  not  only  between  the  laboratories,  ALCs,  and 
test  centers,  but  also  within  them.  Economies  of  scale  is  evident  among  the  ALCs,  where 
Ogden  ALC  had  the  lowest  cost  per  CRDA  and  the  most  CRD  As  of  the  ALCs.  This  was 
not  the  case  at  the  laboratories,  where  increasing  the  number  of  CRD  As  does  not 
necessarily  decrease  the  cost  per  CRDA. 

It  must  be  pointed  out  that  although  a  CRDA  does  represent  some  form  of  TT,  it 
does  not  imply  what  is  being  transferred,  nor  the  value  of  technology  being  transferred. 
Differences  in  missions  exists  not  only  between  the  laboratories,  ALCs,  and  test  centers, 
but  within  them  as  well.  For  instance,  both  Phillips  Laboratory  and  Oklahoma  City  ALC, 
which  have  two  of  the  three  highest  costs  per  CRDA,  stated  they  are  heavily  involved  in 
Educational  Partnership  Agreements  (EPAs)  with  local  universities,  and  that  the  EPAs 
consume  a  substantial  portion  of  the  ORTAs  resources.  Therefore,  better  results  may 
have  been  obtained  if  an  economic  value  of  the  CRDAs  and  EPAs  could  have  been 
obtained,  and  then  a  cost  to  value  added  calculated. 
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Table  1.  ORTA  Cost  per  CRDA 


COST  PER  CRDA  BY  ORTA  ORGANIZATION  |  j 

ORGANIZATION 

#  OF  CRD  As 

ORTA  COST  PER  CRDA 

WRIGHT  LABORATORIES 

82 

$12,318 

ROME  LABORATORIES 

56 

$8,698 

PHILLIPS  LABORATORIES 

74 

$33,850  l 

OGDEN  ALC 

15 

$1,353 

WARNER-ROBINS  ALC 

13 

$4,695 

OKLAHOMA  CITY  ALC 

3 

$23,089 

AFFTC 

20 

$3,863 

AFDTC 

11 

$24,442 

Summary 

This  chapter  presented  the  analysis  of  the  data  and  the  results  obtained.  First,  the 
problems  encountered  with  the  data  collection  was  discussed.  This  was  followed  with  the 
data  calculations  performed  in  the  various  sections  of  the  spreadsheets  described  in 
Chapter  III.  Then,  the  analysis  of  the  data  was  presented,  in  which  activity-based  costing 
was  used  to  allocate  organizational  level  costs  to  the  various  activities  performed  by  the 
ORTA  personnel.  Finally,  the  results  of  the  analysis  was  presented,  starting  with  the  total 
of  all  ORTAs  and  working  towards  the  individual  ORTAs.  Chapter  V  will  provide  a 
conclusion  to  the  results  including  any  managerial  implications,  along  with 
recommendations  to  future  research  efforts  in  this  area. 
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V.  Conclusions  and  Recommendations 


Introduction 

The  primary  objective  of  this  research  is  to  identify  the  indirect  cost  of  performing 
technology  transfer  (TT)  activities  by  Office  of  Research  and  Technology  Applications 
(ORTA)  personnel.  Secondary  objectives  are  to  identify  the  activities  being  performed 
by  the  ORTA  personnel  in  performing  TT  and  to  determine  a  “step-wise”  cost  of 
resources  consumed  based  on  the  amount  of  transfer  being  conducted  in  the  form 
Cooperative  Research  and  Development  Agreements  (CRD As).  This  chapter  begins  with 
a  review  of  the  results  found  in  Chapter  IV,  taking  special  note  of  any  results  which  were 
unexpected.  Then,  a  comparison  will  be  made  to  the  results  of  a  previous  effort  on  the 
direct  labor  portion  of  TT,  followed  by  the  results  of  the  “step-wise”  cost  per  CRDA. 
Next,  a  discussion  on  the  limitations  of  this  research  will  take  place,  along  with  the 
managerial  implications  of  the  findings.  Finally,  the  chapter  closes  with  proposed  future 
studies  that  can  further  this  research. 

Results  Review 

Major  step  A,  strategy,  consumed  the  largest  percentage  of  total  ORTA  resources 
at  just  over  25  percent.  Strategy  is  considered  to  be  a  managerial  tasking,  performed  with 
overhead  or  indirect  labor  personnel,  such  as  those  assigned  to  an  ORTA  organization. 
Therefore,  this  high  percentage  of  resources  consumed  at  the  total  ORTA  level  was 
expected.  Major  step  C,  marketing,  consumed  over  one  fifth  of  the  total  ORTA 
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resources,  and  each  of  its  four  sub-steps  are  highly  significant,  ranging  from  3.5  to  over 
seven  percent  per  sub-step.  This  too  was  expected,  as  marketing  was  the  only  major  step 
that  was  identified  as  a  cost  driver  for  any  of  the  organizational  level  categories  of 
expense.  Other  expected  results  were  obtained  with  major  steps  B,  identify  technology, 
and  D,  identify  transfer  vehicle.  These  two  steps  are  interrelated  (D  will  always  take 
place  anytime  B  has  occurred),  and  both  steps  consume  nearly  equal  amounts  of  ORTA 
resources  when  compared  at  the  sub-step  level  with  an  average  of  about  two  percent  per 
sub-step. 

Unexpected  results  occurred  in  major  steps  E,  perform  transfer,  and  F,  post¬ 
transfer  administration,  for  opposite  reasons.  The  majority  of  sub-steps  of  major  step  E 
are  considered  direct  labor  type  activities,  but  yet  step  E  came  in  a  surprising  second  in 
total  ORTA  resources  consumed  (22.7  percent).  However,  the  only  sub-step  which  can 
be  categorized  as  a  direct  labor  only  activity  is  sub-step  E6,  transfer  the  technology,  and 
this  sub-step  only  expends  2.2  percent  of  the  ORTA  resources.  On  the  opposite  end  of 
the  spectrum,  major  step  F  consumed  only  10.8  percent  of  the  total  ORTA  resources, 
which  is  surprisingly  low  considering  the  six  sub-steps  are  typically  those  categorized  as 
being  performed  with  indirect  labor. 

There  were  three  different  types  of  ORTA  organizations  evaluated  in  this 
research:  laboratories,  Air  Logistics  Centers  (ALCs),  and  test  centers.  The  laboratories 
perform  the  majority  of  research  in  the  Air  Force,  therefore  they  have  the  highest  amount 
of  technology  being  transferred  and  the  most  resources  expended  by  ORTA  personnel.  It 
was  not  surprising  to  find  the  activities  being  performed  by  laboratory  ORTAs  consume 
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nearly  the  same  resources  (percentage  wise)  as  the  activities  considering  all  the  ORTA 
resources  combined.  The  activity  consumption  rate  of  the  laboratories  generally  drove 
the  consumption  rate  of  the  combined  ORTAs  due  to  the  high  percentage  of  resources 
belonging  to  the  laboratories.  Then  there  are  the  ALC  ORTAs,  with  their  one  and  two 
person  deep  ORTA  organizations,  whose  consumption  rates  per  activity  differ 
significantly  from  the  overall  consumption  rate.  The  ALC  ORTAs  had  an  extremely  high 
portion  of  their  resources  being  expended  in  major  step  E  (over  34  percent),  but  this  is 
attributed  to  the  small  size  of  their  ORTA  organization.  Finally,  there  are  the  two  test 
centers,  whose  percent  of  resources  expended  by  major  step  followed  the  same  pattern  as 
the  overall  ORTA  rate,  but  whose  sub-step  expenditures  differ.  This  is  caused  by  one  test 
center  resembling  a  laboratory  ORTA  in  terms  of  TT  activity  and  resources  consumed, 
while  the  other  test  center,  with  its  one  person  shop,  resembled  an  ALC  ORTA.  With  this 
combination,  the  laboratory  styled  test  center  drove  the  overall  major  step  expenditures, 
but  the  ALC  styled  test  center  was  able  to  influence  the  results  at  the  sub-step  level. 

Table  2  presents  a  comparison  of  the  percentages  of  resource  consumption  for  each 
ORTA  category  type  and  the  overall  ORTA  results  for  the  major  steps,  while  Table  3 
presents  a  comparison  for  the  sub-steps.  The  sub-steps  found  to  be  insignificant  uses  of 
ORTA  resources  have  their  percentages  in  bold  text  in  Table  3. 

Comparison  to  Previous  Research  Findings 

The  previous  research  effort  on  the  direct  labor  expenditure  of  resources  on  TT 
activities  found  little  or  no  direct  labor  expenditures  on  major  steps  A,  B,  C,  and  D,  and 
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sub-steps  E5,  E8,  FI,  F4,  F5,  and  F6.  This  research  found  all  of  these  sub-steps  to  be 
significant  (over  one  half  percent  of  total  ORTA  resources)  users  of  ORTA  resources 
except  for  E8,  collect  transfer  revenues  and  F5,  transfer  revenue  allocation.  Since  the 
objective  of  the  ORTAs  is  to  transfer  technology,  it  can  be  expected  that  little  time  or 
resources  will  be  expended  in  performing  these  steps.  It  is  likely  that  these  activities  are 
being  performed  at  the  financial  management  branch  of  the  organization  and  not  at  the 
ORTA  at  all.  It  would  be  interesting  to  find  out  if  the  same  results  would  be  obtained  in 
the  private  sector,  where  revenues  and  profit  play  a  much  higher  role  than  in  government. 
Two  other  sub-steps  are  just  barely  significant:  A5,  receive  funding  authority,  with  just 
under  one  percent,  and  D5,  reaffirm  appropriate  vehicle,  with  just  over  one  half  of  one 
percent  of  total  ORTA  resources  expended.  It  should  be  noted  that  being  insignificant  in 
resources  consumed  does  not  imply  a  sub-step  is  not  being  performed,  it  just  means  it 
requires  very  little  time  to  complete  or  it  is  being  performed  at  some  other  office  other 
than  the  ORTA. 


Table  2.  Comparison  by  Major  Step. 


Major  Step 

All  ORTAs 

Laboratories 

ALCs 

Test  Centers 

A  (Strategy) 

25.6 

26.2 

17.3 

21.2 

B  (Identify  Technology) 

6.7 

6.6 

12.2 

5.2 

C  (Marketing) 

21.3 

22.1 

11.3 

16.4 

D  (Identify  Vehicle) 

11.6 

11.1 

12.5 

17.3 

E  (Transfer  Technology) 

22.7 

21.6 

34.2 

30.6 

F  (Post-Transfer  Administration) 

10.8 

10.9 

12.5 

9.3 

Other 

1.3 

1.5 

0 

0 
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Table  3.  Comparison  by  Sub-step. 


Sub-step 

All  ORTAs 

Laboratories 

ALCs 

Test  Centers 

A1  (Establish  Transfer  Thrusts) 

2.8 

2.9 

0.7 

2.0 

A2  (Coordinate  with  the  Players) 

4.2 

4.2 

4.9 

3.8 

A3  (Resource  Requirements  into  Budget) 

1.4 

1.4 

0.2 

2.0 

A4  (Submit  TT  Plans) 

1.7 

1.7 

2.3 

1.0 

A5  (Receive  Funding  Authority) 

0.8 

0.7 

0.2 

1.6 

A6  (Implement  Strategy  Plan) 

3.4 

3.4 

1.2 

4.6 

A7  (Monitor  Transfer  Initiatives) 

3.8 

3.9 

4.6 

2.0 

A8  (Assess  Use  of  Technology) 

4.0 

4.2 

2.3 

2.0 

A9  (Assess  Return  on  Investment) 

3.5 

3.7 

0.7 

2.0 

B1  (Query  Database) 

1.1 

1.1 

1.4 

0.6 

B2  (Evaluate  Technology  Assets) 

3.8 

3.6 

8.3 

4.1 

B3  (Maintain  Information  Base) 

1.7 

1.8 

in 

0.6 

Cl  (Develop  Marketing  Strategy) 

4.2 

4.5 

1.2 

2.7 

C2  (Implement  Strategy) 

6.4 

6.7 

1.5 

5.0 

C3  (Promote  Technology  Assets) 

7.1 

7.2 

7.6 

6.5 

C4  (Create  Technology  Demand) 

3.5 

3.7 

1.1 

2.1 

D1  (Review  Vehicle  Selection) 

2.8 

2.8 

1.9 

2.3 

D2  (Confirm  with  Transfer  Partner) 

1.8 

1.7 

2.8 

3.4 

D3  (Establish  Transfer  Framework) 

3.0 

3.0 

1.8 

2.9 

D4  (Coordinate  with  Internal  Partner) 

3.5 

3.3 

4.2 

5.4 

D5  (Reaffirm  Appropriate  Vehicle) 

0.5 

0.3 

1.8 

3.4 

El  (Define  Desired  Results) 

3.0 

3.1 

2.7 

1.7 

E2  (Coordinate  with  Appropriate  Players) 

4.2 

3.5 

9.5 

9.6 

E3  (Negotiate  Terms  of  Vehicle) 

3.1 

2.9 

6.9 

3.8 

E4  (Review  for  Legal  Sufficiency) 

1.6 

1.5 

0.9 

3.3 

E5  (Authorize  the  Transfer) 

4.9 

5.2 

1.3 

3.7 

E6  (Transfer  the  Technology) 

2.2 

2.1 

6.4 

1.7 

E7  (Monitor  Technical/Admin  Aspects) 

2.2 

2.1 

4.2 

3.2 

E8  (Collect  transfer  Revenues) 

0.3 

0.2 

1.1 

1.7 

E9  (Close  Out  the  Transfer) 

1.2 

1.2 

1.1 

1.7 

FI  (Track  Process  Implement) 

2.5 

2.5 

1.9 

3.3 

F4  (Transfer  Activity  Evaluation) 

3.0 

3.1 

1.9 

2.2 

F5  (Transfer  Revenue  Allocation) 

0.2 

0.2 

1.0 

0 

F6  (award  and  Recognize  Individuals) 

1.0 

1.0 

1.9 

0 

F7  (Public  Relations) 

2.8 

2.6 

3.8 

3.8 

F8  (Prepare  Performance  reports) 

1.4 

1.5 

2.1 

0 

Other 

1.3 

1.5 

0 

0 
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Step-wise  Cost  per  CRDA 

The  results  of  the  ORTA  cost  per  CRDA  from  Chapter  IV  are  shown  in  Table  4 
for  reference. 


Table  4.  ORTA  Cost  per  CRDA 


COST  PER  CRDA  BY  ORTA  ORGANIZATION 

ORGANIZATION 

#  OF  CRDAs 

ORTA  COST  PER  CRDA 

WRIGHT  LABORATORIES 

82 

$12,318 

ROME  LABORATORIES 

56 

$8,698 

PHILLIPS  LABORATORIES 

74 

$33,850 

OGDEN  ALC 

15 

$1,353 

WARNER-ROBINS  ALC 

13 

$4,695 

OKLAHOMA  CITY  ALC 

o 

D 

$23,089 

AFFTC 

20 

$3,863  | 

AFDTC 

11 

$24,442 

It  was  originally  hypothesized  that  a  “step-wise”  cost  of  ORTA  resources 
consumed  based  on  the  TT  activity  level  in  number  of  CRDAs  could  have  been 
determined.  However,  the  results  indicate  there  is  no  economies  of  scale  in  comparing  all 
the  ORTA  organizations.  Increasing  the  number  of  CRDAs  does  not  necessarily  decrease 
the  cost  per  CRDA  as  expected.  The  only  area  in  which  economies  of  scale  are  evident  is 
within  the  ALCs. 

A  quick  linear  regression  was  performed  on  the  data  in  Table  4  using  Microsoft’s 
Excel  spreadsheet  program  to  model  the  ORTA  cost  per  CRDA.  The  ORTA  cost  per 
CRDA  was  used  as  the  dependent  variable  and  the  number  of  CRDAs  as  the  independent 
variable.  The  results  of  this  analysis  are  presented  in  Table  5. 
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Table  5.  Regression  of  Cost  per  CRD  A  Data. 


Parameter 

Value 

Coefficient  of  Determination 

0.064 

F-score 

0.41 

Significance  of  F 

0.545 

The  regression  analysis  results  confirm  the  inability  to  estimate  the  expected 
resources  consumed  per  CRDA  when  the  number  of  CRD  As  is  known.  The  regression 
model  is  not  significant,  as  its  F-score  of  0.41  shows.  Generally,  a  significance  of  F  of 
0.10  or  less  is  preferred,  and  the  resultant  significance  of  0.545  represents  a  confidence 
that  the  model  will  accurately  estimate  the  cost  per  CRDA  of  only  45.5  percent.  There  is 
too  much  variation  in  the  cost  per  CRDA  among  the  ORTA  organizations  to  accurately 
predict  it,  as  the  coefficient  of  determination  indicates.  Its  value  of  0.064  means  only  6.4 
percent  of  the  variation  in  the  cost  per  CRDA  can  be  explained  by  the  change  in  the 
number  of  CRD  As,  the  remainder  (93.6  percent)  is  simply  variation  of  the  cost  per 
CRDA  among  the  various  ORTA  organizations.  A  coefficient  of  determination  of  0.70 
or  higher  is  generally  considered  acceptable. 

Limitations 

The  limitations  of  this  study  must  be  known  before  the  implications  of  the  results 
can  be  stated. 

First,  the  comparisons  made  among  the  three  types  of  ORTA  organizations  was 
made  to  indicate  the  similarities  and  differences  among  them,  not  to  indicate  activities 
that  specific  ORTAs  are  not  accomplishing.  Only  at  the  overall  ORTA  level  should 
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activities  be  identified  that  are  not  being  performed.  Differences  in  the  missions  between 
the  different  types  of  ORTAs,  and  among  the  ORTAs  of  a  specific  type  such  as  ALCs, 
makes  identifying  activities  not  performed  at  a  specific  ORTA  organization  in  order  to 
state  “this  ORTA  is  not  doing  its  job  in  these  areas”  valueless. 

Next,  the  cost  per  CRDA  should  not  be  used  to  identify  efficient  ORTA 
organizations  over  inefficient  ones.  Once  again,  the  differences  in  missions  among  the 
various  ORTAs  play  a  part  in  this,  as  several  ORTAs  identified  that  a  significant  portion 
of  their  resources  is  expended  in  performing  Educational  Partnership  Agreements 
(EPAs),  which  were  not  tracked  in  this  study.  Also,  the  number  of  CRDAs  does  not 
accurately  measure  the  true  economic  value  of  the  technology  being  transferred,  it  is 
simply  an  indicator  of  how  much  technology  is  being  transferred.  Determining  the 
economic  value  of  the  technology  transferred  is  beyond  the  scope  of  this  study.  With 
these  two  limitations  in  mind,  the  managerial  implications  of  the  results  can  be  addressed. 

Managerial  Implications 

There  are  two  sub-steps  identified  as  not  being  performed  at  a  significant  level  at 
the  ORTAs  nor  from  a  previous  study  on  direct  labor:  E8,  collect  transfer  revenues  and 
F5,  transfer  revenue  allocation.  Both  of  these  sub-steps  are  involved  with  the  revenues 
obtained  from  the  receiver  of  the  technology.  Should  this  activity  ever  become 
significant  within  the  ORTA  organizations,  additional  resources  may  be  necessary, 
probably  in  the  form  of  additional  manpower. 
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A  recent  decision  was  made  to  merge  the  four  laboratories  at  the  headquarters 
level.  This  decision  will  not  affect  the  location  of  the  laboratories,  but  will  effect  their 
ORTAs,  which  will  become  a  single  entity  (the  Air  Force  Research  Laboratory  -  AFRL) 
managing  all  four  laboratories  from  one  location.  From  the  results  of  the  cost  per  CRDA 
in  Table  2,  it  is  evident  that  the  laboratories  have  a  significantly  higher  number  of 
CRDAs  than  the  other  ORTA  types  (ALCs  and  test  centers).  Also,  their  ORTA  cost  per 
CRDA  is  relatively  higher.  Therefore,  in  determining  the  staffing  and  resource 
requirement  of  the  new  single  laboratory  ORTA,  these  results  should  be  used  to  indicate 
the  differences  among  the  various  types  of  ORTAs,  and  not  to  cut  resources  so  that  it 
more  closely  resembles  an  ALC  or  test  center.  The  economic  value  of  the  CRDAs  being 
performed  at  the  various  ORTAs  could  not  be  determined  in  this  research  effort,  which  is 
the  topic  of  the  next  section,  future  studies.  Assuming  the  same  economic  value  for  all 
CRDAs  (and  not  considering  EPAs),  it  would  appear  that  Wright  or  Rome  Laboratories 
would  be  a  better  choice  to  approximate  in  terms  of  cost  per  CRDA  for  the  new  AFRL 
organization.  Phillips  Laboratory  may  be  over-manned  at  its  current  level  of  TT  activity. 

Future  Studies 

Although  a  cost  per  CRDA  was  determined  and  it  does  indicate  differences 
among  the  ORTA  organizations,  it  can  be  misread  into  how  efficient  or  inefficient  an 
ORTA  organization  is.  A  better  measure  of  an  ORTA's  efficiency  would  be  to  determine 
the  economic  value  of  the  technology  being  transferred.  Since  the  costs  of  transferring 
this  technology  within  an  ORTA  have  already  been  identified,  it  would  be  a  simply  task 
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to  calculate  the  cost  to  economic  value  (or  cost  to  benefits)  ratio  of  each  ORTA.  This 
research  stream  would  require  a  significant  effort  on  the  part  of  the  researcher  to  identify 
not  only  who  is  receiving  the  technology,  but  what  they  are  doing  with  it,  the  value  they 
obtained  from  it,  and  any  spinbacks  the  government  may  have  received  in  the  form  of 
better  products.  It  would  also  require  a  significant  amount  of  traveling  to  the  various 
ORTA  locations  and  to  the  companies  receiving  the  technology.  A  pilot  study  could  be 
performed  on  several  CRD  As  at  Wright  Laboratory  to  determine  the  feasibility  of 
expanding  to  all  ORTAs. 

Another  proposed  research  effort  is  to  repeat  this  research  on  a  commercial  TT 
organization  such  as  a  university  that  performs  a  significant  amount  of  government 
research.  It  would  be  very  interesting  to  discover  the  amount  of  time  spent  by  the 
commercial  activity  on  this  efforts’  two  insignificant  sub-steps  relating  to  the  collection 
of  revenues.  Unlike  the  government,  the  commercial  sector  is  very  concerned  with 
profits.  The  methodology  of  this  study  would  have  to  be  changed  to  adapt  it  to  the 
commercial  sector,  as  they  would  not  necessarily  use  the  same  activities  identified  in  the 
Transfer  Master  Process  of  Appendix  A. 
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Major  Step  A:  Strategy. 

Sub-step  A1 :  Establish  T ransfer  Thrusts 
Sub-step  A2:  Coordinate  with  the  Players 
Sub-step  A3:  Resource  Requirements  into  Budget 
Sub-step  A4:  Submit  Technology  Transfer  Plans 
Sub-step  A5:  Receive  Funding  Authority 
Sub-step  A6:  Implement  Strategy  Plan 
Sub-step  A7:  Monitor  Transfer  Initiatives 
Sub-step  A8:  Assess  Use  of  Technology 


Sub-step  A9:  Assess  Return  on  Investment 


Major  Step  B:  Identify  Technology. 

Sub-step  B1:  Query  Database 
Sub-step  B2:  Evaluate  Technology  Assets 
Sub-step  B3:  Maintain  Information  Base 


Major  Step  C:  Marketing. 

Sub-step  Cl:  Develop  Marketing  Strategy 
Sub-step  C2:  Implement  Strategy 
Sub-step  C3:  Promote  Technology  Assets 
Sub-step  C4:  Create  technology  Demand 

Major  Step  D:  Identify  T ransfer  Vehicle. 

Sub-step  D1 :  Review  Vehicle  Selection 
Sub-step  D2:  Confirm  with  Transfer  Partner 
Sub-step  D3:  Establish  Transfer  Framework 
Sub-step  D4:  Coordinate  with  Internal  Partner 
Sub-step  D5:  Reaffirm  Appropriate  Vehicle 


Major  Step  E:  Perform  Transfer. 

Sub-step  El:  Define  Desired  Results 
Sub-step  E2:  Coordinate  w/Appropriate  Players 
Sub-step  E3:  Negotiate  Terms  of  Vehicle 
Sub-step  E4:  Review  for  Legal  Sufficiency 
Sub-step  E5:  Authorize  the  Transfer 
Sub-step  E6:  Transfer  the  Technology 
Sub-step  E7:  Monitor  Technical  and  Admin  Aspects 
Sub-step  E8:  Collect  Transfer  Revenues 
Sub-step  E9:  Close  Out  the  Transfer 


Major  Step  F:  Post-Transfer  Administration. 

Sub-step  FI:  Track  Process  Implement 
Sub-step  F4:  Transfer  Activity  Evaluation 
Sub-step  F5:  Transfer  Revenue  Allocation 
Sub-step  F6:  Award  and  Recognize  Individuals 
Sub-step  F7:  Public  Relations 
Sub-step  F8:  Prepare  Performance  Reports 


87 


Appendix  B  -  ORTA  Personnel  Questionnaire 
Questionnaire  for  ORTA  Personnel 

Name: 

Military  Rank  /  Civilian  Grade  and  Step  /  Contractor  Annual  Salary: 

Organization: 

1.  Do  you  perform  ORTA  Duties  on  a  Full  or  Part  Time  Basis: 

2.  If  Part  Time,  what  percentage  of  your  time  is  spent  performing  ORTA  duties: 

3.  The  Master  Transfer  Process,  as  described  in  the  AFMC  Technology  Transfer  Handbook,  section  D 
will  be  used  to  identify  the  amount  of  time  you  spend  performing  each  activity.  Please  estimate  the 
portion  of  your  time  that  is  spent  in  performing  each  activity  as  a  percentage  of  the  total  time  spent 
performing  ORTA  activities.  Therefore,  the  total  should  equal  1 00  percent. 


Major  Step  A:  Strategy. 

Sub-step  A1:  Establish  Transfer  Thrusts  0% 

Sub-step  A2:  Coordinate  with  the  Players  0% 

Sub-step  A3:  Resource  Requirements  into  Budget  0% 

Sub-step  A4:  Submit  Technology  Transfer  Plans  0% 

Sub-step  A5:  Receive  Funding  Authority  0% 

Sub-step  A6:  Implement  Strategy  Plan  0% 

Sub-step  A7:  Monitor  Transfer  Initiatives  0% 

Sub-step  A8:  Assess  Use  of  Technology  0% 

Sub-step  A9:  Assess  Return  on  Investment  0% 

Major  Step  B:  Identify  Technology. 

Sub-step  B1:  Query  Database  0% 

Sub-step  B2:  Evaluate  Technology  Assets  0% 

Sub-step  B3:  Maintain  Information  Base  0% 

Major  Step  C:  Marketing. 

Sub-step  Cl:  Develop  Marketing  Strategy  0% 

Sub-step  C2:  Implement  Strategy  0% 

Sub-step  C3:  Promote  Technology  Assets  0% 

Sub-step  C4:  Create  technology  Demand  0% 
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Major  Step  D:  Identify  Transfer  Vehicle. 

Sub-step  D1:  Review  Vehicle  Selection  0% 

Sub-step  D2:  Confirm  with  Transfer  Partner  0% 

Sub-step  D3:  Establish  Transfer  Framework  0% 

Sub-step  D4:  Coordinate  with  Internal  Partner  0% 

Sub-step  D5:  Reaffirm  Appropriate  Vehicle  0% 

Major  Step  E:  Perform  Transfer. 

Sub-step  El:  Define  Desired  Results  0% 

Sub-step  E2:  Coordinate  w/Appropriate  Players  0% 

Sub-step  E3:  Negotiate  Terms  of  Vehicle  0% 

Sub-step  E4:  Review  for  Legal  Sufficiency  0% 

Sub-step  E5:  Authorize  the  Transfer  0% 

Sub-step  E6:  Transfer  the  Technology  0% 

Sub-step  E7:  Monitor  Technical  and  Admin  Aspects  0% 

Sub-step  E8:  Collect  Transfer  Revenues  0% 

Sub-step  E9:  Close  Out  the  Transfer  0% 

Major  Step  F:  Post-Transfer  Administration. 

Sub-step  FI:  Track  Process  Implement  0% 

Sub-step  F4:  Transfer  Activity  Evaluation  0% 

Sub-step  F5:  Transfer  Revenue  Allocation  0% 

Sub-step  F6:  Award  and  Recognize  Individuals  0% 

Sub-step  F7:  Public  Relations  0% 

Sub-step  F8:  Prepare  Performance  Reports  0% 

4.  Are  there  any  other  sub-steps  not  included  above,  which  you  feel  should  be  included  in  the 
performance  of  ORTA  activities?  If  so,  please  list  them  here  along  with  the  percentage  of  time  spent 
performing  that  step  if  applicable: 

Sub-step  X:  0% 

Sub-step  Y:  0% 

Total  0% 
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Questionnaire  for  ORTA  Director 

Name: 

Organization: 

1 .  Number  of  personnel  performing  ORTA  Duties  in  your  organization  (including  self): 

Full  Time:  0 

Part  Time:  0 

2.  Number  of  CRADAs  existing  during  any  part  of  FY97: 

Closed  during  FY97:  0 

Open  for  all  of  FY97:  0 

Created  in  FY97:  0 

3.  Organizational  expenses  occurred  in  FY97  by  ORTA  personnel  while  performing  ORTA 
duties  or  otherwise  related  to  ORTA  activities: 


Travel: 

$0 

General  office  supplies: 

$0 

Computer  Equipment. 

$0 

Marketing: 

$0 

Training: 

$0 

Contract  Services: 

$0 

Other  (Please  Specify): 

$0 

4.  Any  other  comments: 
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Appendix  D  -  ORTA  Worksheets 
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Major  Step  B:  Identify  Technology.  $765  17.76  $250  $1,015  17.76 

B1:  Query  Database  0%  $0  0  $0  $0  0 

B2:  Evaluate  Technology  Assets  5%  $765  17.76  $250  $1,015  17.76 

B3:  Maintain  Information  Base  0%  $0  0  $0  $0  0 
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Percent  by  Sub-Step  Percent  by  Major  Step 
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Major  Step  B:  Identify  Technology.  $83,645  1989.12  $83,300  $0  $166,945  1989.12 

B1:  Query  Database  1%  $11,949  284.16  $11,900  $0  $23,849  284.16 

B2:  Evaluate  Technology  Assets  5%  $59,746  1420.8  $59,500  $0  $119,246  1420.8 

B3:  Maintain  Information  Base  1%  $11,949  284.16  $11,900  $0  $23,849  284.16 


Major  Step  C:  Marketing.  $215,086  5114.88  $214,200  $120,000  $549,286  5114.88 

Cl:  Develop  Marketing  Strategy  4%  $47,797  1136,64  $47,600  $26,667  $122,064  1136.64 

C2:  Implement  Strategy  4%  $47,797  1136.64  $47,600  $26,667  $122,064  1136.64 

C3:  Promote  Technology  Assets  6%  $71,695  1704.96  $71,400  $40,000  $183,095  1704.96 

C4:  Create  technology  Demand  4%  $47,797  1136.64  $47,600  $26,667  $122,064  1136.64 
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Percent  by  Sub-step  Percent  by  Major  Step 


A1 

0.038084 

A2 

0.047605 

A3 

0.019042 

A4 

0.019042 

A5 

0.009521 

A6 

0.047605 

A7 

0.047605 

A8 

0.057126 

A9 

0.057126 

B1 

0.009521 

B2 

0.047605 

B3 

0.009521 

Cl 

0.048729 

C2 

0.048729 

C3 

0.073094 

C4 

0.048729 

D1 

0.038084 

D2 

0.019042 

D3 

0.038084 

D4 

0.028563 

D5 
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El 

0.038084 
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0.009521 

FI 

0.028563 

F4 

0.028563 

F5 

0 

F6 

0.009521 

F7 

0.009521 

F8 

0.019042 

0.342754 

0.066647 

0.219283 

0.123772 

0.152335 

0.095209 
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Major  Step  C:  Marketing.  $3,825  88.8  $9,180  213.1  $1,847  35.5 

Cl:  Develop  Marketing  Strategy  1%  $956  22.2  5%  $2,295  53.3  5%  $923  17.8 

C2:  Implement  Strategy  1%  $956  22.2  5%  $2,295  53.3  0%  $0  0.0 

C3:  Promote  Technology  Assets  1%  $956  22.2  5%  $2,295  53.3  5%  $923  17.8 

C4:  Create  technology  Demand  1%  $956  22.2  5%  $2,295  53.3  0%  $0  0.0 
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Person  #4 


%  of  time 

Labor  $s 

Labor  Hrs 

Organizational  Costs 

Organizational  Costs 

TOTAL 

TOTAL 

per  activity 

per  activity 

per  activity 

Cost  Driver  ALL 

Cost  Driver  Step  C 

COSTS 

HOURS 

$2,100 

53.3 

$16,648 

$0 

$47,897 

674.9 

0% 

$0 

0.0 

$2,434 

$0 

$7,000 

98.7 

5% 

$1,050 

26.6 

$3,529 

$0 

$9,594 

143.1 

0% 

$0 

0.0 

$1,120 

$0 

$3,391 

45.4 

0% 

$0 

0.0 

$1,120 

$0 

$3,391 

45.4 

0% 

$0 

0.0 

$681 

$0 

$2,030 

27.6 

5% 

$1,050 

26.6 

$1,777 

$0 

$5,098 

72.0 

0% 

$0 

0.0 

$2,434 

$0 

$7,000 

98.7 

0% 

$0 

0.0 

$1,120 

$0 

$3,391 

45.4 

0% 

$0 

0.0 

$2,434 

$0 

$7,000 

98.7 

$2,100 

53.3 

$5,257 

$0 

$14,400 

213.1 

0% 

$0 

0.0 

$730 

$0 

$2,005 

29.6 

10% 

$2,100 

53.3 

$3,797 

$0 

$10,390 

153.9 

0% 

$0 

0.0 

$730 

$0 

$2,005 

29.6 

$6,300 

159.8 

$12,267 

$15,000 

$48,418 

497.3 

0% 

$0 

0.0 

$2,300 

$2,813 

$9,287 

93.2 

20% 

$4,200 

106.6 

$4,490 

$5,491 

$17,433 

182.0 

10% 

$2,100 

53.3 

$3,614 

$4,420 

$14,308 

146.5 

0% 

$0 

0.0 

$1,862 

$2,277 

$7,390 

75.5 

$4,200 

106.6 

$19,276 

$0 

$52,704 

781.4 

5% 

$1,050 

26.6 

$2,935 

$0 

$7,995 

119.0 

5% 

$1,050 

26.6 

$4,250 

$0 

$11,604 

172.3 

0% 

$0 

0.0 

$3,592 

$0 

$9,897 

145.6 

5% 

$1,050 

26.6 

$4,250 

$0 

$11,604 

172.3 

5% 

$1,050 

26.6 

$4,250 

$0 

$11,604 

172.3 

$4,200 

106.6 

$28,038 

$0 

$76,765 

1136.6 

0% 

$0 

0.0 

$2,190 

$0 

$6,015 

88.8 

5% 

$1,050 

26.6 

$4,162 

$0 

$11,332 

168.7 

0% 

$0 

0.0 

$3,505 

$0 

$9,625 

142.1 

5% 

$1,050 

26.6 

$2,848 

$0 

$7,723 

115.4 

5% 

$1,050 

26.6 

$4,600 

$0 

$12,693 

186.5 

0% 

$0 

0.0 

$2,190 

$0 

$6,015 

88.8 

5% 

$1,050 

26.6 

$4,162 

$0 

$11,332 

168.7 

0% 

$0 

0.0 

$2,190 

$0 

$6,015 

88.8 

0% 

$0 

0.0 

$2,190 

$0 

$6,015 

88.8 

$2,100 

53.3 

$10,514 

$0 

$28,679 

426.2 

5% 

$1 ,050 

26.6 

$4,162 

$0 

$11,332 

168.7 

5% 

$1,050 

26.6 

$2,848 

$0 

$7,723 

115.4 

0% 

$0 

0.0 

$0 

$0 

$0 

0.0 

0% 

$0 

0.0 

$0 

$0 

$0 

0.0 

0% 

$0 

0.0 

$3,505 

$0 

$9,625 

142.1 

0% 

$0 

0.0 

$0 

$0 

$0 

0.0 
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Percent  by  Sub-step  Percent  by  Major  Step 


A1 

0.02603726  A 

0.17814728 

A2 

0.03568341  B 

0.05355996 

A3 

0.01261326  C 

0.1800839 

A4 

0.01261326  D 

0.19602427 

A5 

0.00754959  E 

0.28551762 

A6 

0.01896273  F 

0.10666697 

A7 

0.02603726 

A8 

0.01261326 

A9 

0.02603726 

B1 

0.00745778 

B2 

0.0386444 

B3 

0.00745778 

Cl 

0.0345417 

C2 

0.0648385 

C3 

0.05321819 

C4 

0.02748552 

D1 

0.02973555 

D2 

0.04315955 

D3 

0.03681007 

D4 

0.04315955 

D5 

0.04315955 

El 

0.02237334 

E2 

0.04214682 

E3 

0.03579734 

E4 

0.02872281 

E5 

0.04721048 

E6 

0.02237334 

E7 

0.04214682 

E8 

0.02237334 

E9 

0.02237334 

FI 

0.04214682 

F4 

0.02872281 

F5 

0 

F6 

0 

F7 

0.03579734 

F8 

0 

100 


Organization:  AFFTC,  Edwards  AFB,  CA  Personnel 

Grade  Cost  %  ORTA  Cost  Hrs  Avail  Hrs  ORTA 
1.  Number  of  personnel  performing  ORTA  Duties  in  your  organization  (including  self):  1)GS-13  76498  85  65023.3  1776  1509.6 

Full  Time:  0 

Part  Time:  1 
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Major  Step  B:  Identify  Technology.  $3,251  75.48  $377  $0  $3,628  75.48 

B1:  Query  Database  0%  $0  0  $0  $0  $0  0 

B2:  Evaluate  Technology  Assets  5%  $3,251  75.48  $377  $0  $3,628  75.48 

B3:  Maintain  Information  Base  0%  $0  0  $0  $0  $0  0 


Major  Step  C:  Marketing.  $3,251  75.48  $377  $4,700  $8,328  75.48 

Cl:  Develop  Marketing  Strategy  0%  $0  0  $0  $0  $0  0 

C2:  Implement  Strategy  0%  $0  0  $0  $0  $0  0 

C3:  Promote  Technology  Assets  5%  $3,251  75.48  $377  $4,700  $8,328  75.48 

C4:  Create  technology  Demand  0%  $0  0  $0  $0  $0  0 
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Percent  by  Sub-step  Percent  by  Major  Step 


A1 

0 

A2 

0.046958 

A3 

0.046958 

A4 

0 

A5 

0.046958 

A6 

0.140874 

A7 

0 

A8 

0.046958 

A9 

0 

B1 

0 

B2 

0.046958 

B3 

0 

Cl 

0 

C2 

0 

C3 

0.107797 

C4 

0 

D1 

0 

D2 

0 

D3 

0 

D4 

0.093916 

D5 

0 

El 

0 

E2 

0.281748 

E3 

0.046958 

E4 

0.046958 

E5 

0 

E6 

0 

E7 

0 

E8 

0 

E9 

0 

FI 

0 

F4 

0 

F5 

0 

F6 

0 

F7 

0.046958 

F8 

0 

0.328706 

0.046958 

0.107797 

0.093916 

0.375664 

0.046958 
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$7,200  $73,000 

$1,080  $10,950 

$3,600  $36,500 

$1,080  $10,950 

$1,440  $14,600 
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Percent  by  Sub-step  Percent  by  Major  Step 


A1 

0.00577588  A 

0.08663825 

A2 

0.00577588  B 

0.02887942 

A3 

0.01155177  C 

0.2653913 

A4 

0.02310353  D 

0.08663825 

A5 

0.00577588  E 

0.39293253 

A6 

0.01155177  F 

0.13952024 

A7 

0.01155177 

A8 

0.00577588 

A9 

0.00577588 

B1 

0.00577588 

B2 

0.00577588 

B3 

0.01732765 

Cl 

0.0398087 

C2 

0.13269565 

C3 

0.0398087 

C4 

0.05307826 

D1 

0.00577588 

D2 

0.01732765 

D3 

0.04043118 

D4 

0.01732765 

D5 

0.00577588 

El 

0.02517867 

E2 

0.09701392 

E3 

0.10026515 

E4 

0.02517867 

E5 

0.03095455 

E6 

0.03880557 

E7 

0.03880557 

E8 

0.01155177 

E9 

0.02517867 

FI 

0.03880557 

F4 

0.01940278 

F5 

0.01155177 

F6 

0.01155177 

F7 

0.03302969 

F8 

0.02517867 
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Major  Step  C:  Marketing  $3,825  88.8  $5,210  124.3  $752  $0  $9,787  213.1 

Cl:  Develop  Marketing  Strategy  0%  $0  0.0  1%  $372  8.9  $31  $0  $403  8.9 

C2:  Implement  Strategy  0%  $0  0.0  2%  $744  17.8  $63  $0  $807  17.8 

C3:  Promote  Technology  Assets  20%  $3,825  88.8  7%  $2,605  62.2  $533  $0  $6,962  151.0 

C4:  Create  technology  Demand  0%  $0  0.0  4%  $1,488  35.5  $125  $0  $1,614  35.5 
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Percent  by  Sub-step  Percent  by  Major  Step 

A1 

0.00661003  A 

0.15 

A2 

0.00661003  B 

0.18220068 

A3 

0.00661003  C 

0.1603398 

A4 

0.00661003  D 

0.0698301 

A5 

0.00661003  E 

0.36440936 

A6 

0.00661003  F 

0.07322007 

A7 

0.05745953 

A8 

0.04627024 

A9 

0.00661003 

B1 

0.01322007 

B2 

0.13220068 

B3 

0.03677993 

Cl 

0.00661003 

C2 

0.01322007 

C3 

0.11406956 

C4 

0.02644014 

D1 

0.00661003 

D2 

0.00661003 

D3 

0.00661003 

D4 

0.04338997 

D5 

0.00661003 

El 

0.02644014 

E2 

0.08762942 

E3 

0.04711973 

E4 

0.00661003 

E5 

0.00661003 

E6 

0.11627024 

E7 

0.04711973 

E8 

0.01338997 

E9 

0.01322007 

FI 

0.00661003 

F4 

0.00661003 

F5 

0.0201699 

F6 

0.00661003 

F7 

0.02 

F8 

0.01322007 
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Organization:  OC-ALC/TIE,  Tinker  AFB,  OK  Personnel 

Grade  Cost  %  ORTA  Cost  Hrs  Avail  Hrs  ORTA 
1.  Number  of  personnel  performing  ORTA  Duties  in  your  organization  (including  self):  1)GS-12  64217  100  64217  1776  1776 

Full  Time:  1 

Part  Time:  0 
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Major  Step  B:  Identify  Technology.  $5,780  159.84  $455  $6,234  159.84 

B1:  Query  Database  2%  $1,284  35.52  $101  $1,385  35.52 

B2:  Evaluate  Technology  Assets  5%  $3,211  88.8  $253  $3,463  88.8 

B3:  Maintain  Information  Base  2%  $1,284  35.52  $101  $1,385  35.52 


^  CN  CN  CO 
00  ID  LO  q0 

d  in  in  oo 
in  co  co 


m  m  co  o 

CO  OO  CO  CD  60 

CN  CO  CO  ^ 

CD  r-‘  v-  CO" 

60  60  fcO  60 


m  t-  x-  co  o 

in  o  o  in  60 

n-  t-  r-  cn 

60  60  60  60 


cm  c\  co 
co  in  in  oo 
co  in  in  co 
in  co  co 


o  n-  ''r 
co  co  oo 

Is-  CN  CN_  CN 

in  t-~  T-"  co" 
60  60  60  60 


O 

60 


CN  CN  in  o 


>> 

03 

0 

0 

i— 

CO 


£  *o 
(D  c 
t/3  (0 

CO  c 

<  £ 

^  o 


0  CO 
■ 


CO 


CO 


o 
c 
-C  o 
o  c 
<d  x: 


co  co  co  co  00 

^  CN  co  ^  co  ^ 

N  CO  CO  CO  OD  CO 

co  in  in  in 

co 


t-  CO  CO  co  co  co 

CD  N  O  N  CD  N 

t-  CO  N"_  o_  o_ 
co"  CN  co"  CN  co"  CN 

^  W7  W  W  w  try 
60 


O  CN  CO  CN  CO  CN 

co  in  in  in  in  in 

03  t-  C\]  r  (SI  t- 
60  60  60  60  60  60 


N“  co  CO  00  co  co 

cn  o6  ™  co  ^ 

N  CO  00  CO  co  CO 

co  in  in  in 

co 


T-h-T-h-T-h- 

o  CN  T-  CM  T-  CM 
CN  03  CN  03  CN  03 
co  x—  co 


CN 

60 


/.A  /,A  <A  /  A  /A 

v  /  u  J  XT7  v  /  v7 


co  in  co  in  co 


_  ^  O)  ' 

?  CD  O  > 

—  m 


03  03  ^  U-  03 

n  tr\  '  m 


-2  C  r-  v. 

Q.  <U  <u  S 

o  £  o  <p 

c  »•  E  B 

1  S  §■  2  2 

“d£q.O 

i — 

CU . 

5  r-  CM  CO  MT 

2  o  o  o  o 

d 

o. 

-2 

55 

O 

‘(O' 


03 

O 

d 

03 

> 


W  «- 


h- 

> 

d'  03 

1  * 
03  •  - 
"O  T“ 

—  Q 


Q. 

03 


C 

0 

1—  W 

£  § 

>  £ 

E  J 

£  JO 

A  ^ 

O  if) 

O  LU 


CO 

o 

aT 


^  00  CD  CO  o 


CN  CN 
CD  CO  K 
cn  in  t- 


co 

CO 


CN  00  CN  CD  CD 

lO  CN  in  N  N 

in  cn  in  n  n 

co  in  co  t-  r— 


cNooNDomoomcoD 

O  N-  CN  CD  60  CO  N  CO  03  03 


N  O  03  MT 
CO"  CN  CD"  CO" 
t-  co  co  co 
CO¬ 


CO  O  CO  CD  CD 
T-“  CN  <r-“ 

60  60  60 


^CMinCOOr(Nr-T-r 

cDinoin60oinoinin 

CO  T-  m  CM  r -  x-  60  co 

60  60  60  cn-  60  60 

60 


N"  CO  CD  CO 

™  r-  cb 

CD  CO  N  CO 
CM  Ifi  t- 

■^r 


O  CN  CO  CN  CD  CD 

in  cn  in  n  n 

in  co  in  n  n 

co  in  co  v-  r- 


03NCNt-O^NTT(NCN 
COCNCNr-^COCNCO^^ 
CO  O)  ^  CM  CN  03  CN  CD  CD 

r^~  -r-"  cd"  co"  t-"  ^  ^ 

t—  CO  CO  CO  60  CO  CO 

CO 


CO  O  LO  O  CN  CO  CN 


03 

0 

\_ 

Cl 

2 

Q. 

Q. 

< 


cn  co  n-  in 
Q  O  Q  Q 


£3 

C/D 

C 

CO 

i_ 

h- 

E 

l— 

£ 

a> 

CL 

llJ 

Cl 

03 

CO 

i— 

o 

■(O' 


03 

>% 

0 

CL 

03  O 

0  sz 

'ZZ  0 

s-  > 

P  H— 

Q_  © 
Q.  C/3 

<c  E 

L_ 
0 


S' 

c 

03 

.2  v- 

%  fi 

03 

CD  c 

—  CO 

ro  >- 
cr>  H 
9  0 
—>  £ 
*2  <13 

$  •= 
0  O 

>  £ 
0  Z3 
CU  < 


« 

o 

0 

Q. 

C/D 

< 

C 

E 

*o 

>*  < 

03  ^ 

o  Y 

c  « 

S  y 


0  o 
SZ  03 


fi  o 

(f) 

£  c 
ro  o 


LU 


cn  co  n-  in 

LJJ  LU  Lil  LU 


CO  CN  CN  O  CN  CO  CM 

co  in  in  in  co  in 

o  in  in  in  co  lo 

co  co  co  co  co 

CN 


in  in  in  o  m  co  m 
o  co  CO  60  co  CD  co 


o  co  co 

03  v-  t- 
60  60  60 


CO  CO_ 
T-"  co" 

60  60  60 


r^.x-T-OT-coT- 

in  o  o  60  o  in  o 

CD  ▼“  t-  T—  CN  t- 

60  60  60  60  60  60 


CO  CN  CN  O 
co  in  m 
d  in  in 
CO  co  co 

CN 


in  oo  in 


co  n-  ^  o  n-  v- 

N-  00  CO  60  CO  T—  co 

CO  CN  CN  CN  CN  CN 

CD  t  r  t—  CO  t— 

60  60  60  60  60  60 


CN  CN  O  CN  in  CN 


C/D 

0 

§  .£ 
>  wj 

ir  i 

1  £ 
as  tZ 

£  O 

aj  ® 

o  o 

o  a 


§  0 

E 

w  Q- 

c  E 

E  w 

*o  w 

<  8 

®  s 

C/D  D- 

s 

0  O 
0 


c 

c  o 

O  -J5 
0 

0  o 

3  _0 

§  < 

lu  <u 

1  > 

o  0 

<  cn 

L_  l— 

0  0 

U — 

C/D  C/D 
C  C 
0  0 


0 
3 

> 

d 

0 
N 

'c 

03 

8  m 

0 


C/D 

■c 

o 

Q. 
0 
ce 
0 
O 
C 
0 

fill 

1 1 
0  o:  0 
■o  O  0 

sl& 


CD  N-  CO  03 

LU  LU  LU  LU 


co 

o 


h  h  h  <  Q-  CL 


n*  in 

LJ_  LL  LL 


CD  h*-  CO 
LL  LJ_  LL 


CL 

0 

CO 

i— 

o 

0 


113 


Percent  by  Sub-step  Percent  by  Major  Step 
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Major  Step  C:  Marketing.  $0  0.0  $5,250  133.2  $12,240  284.2 

Cl:  Develop  Marketing  Strategy  0%  $0  0.0  3%  $1,050  26.6  4%  $2,448  56.8 

C2:  Implement  Strategy  0%  $0  0.0  4%  $1,400  35.5  6%  $3,672  85.2 

C3:  Promote  Technology  Assets  0%  $0  0.0  8%  $2,800  71.0  8%  $4,896  113.7 

C4:  Create  technology  Demand  0%  $0  0.0  0%  $0  0.0  2%  $1,224  28.4 
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$12,029  426  2  $30,599  710.4  $12,927  248.6  $31,157  706.9  $21,474  353.5  $67,468  $25,000  $218,143  2863.0 

10%  $4,010  1421  5%  $3,825  88  8  2%  $1,847  35.5  4%  $6,047  137.2  4%  $4,168  68.6  $13,095  $4,852  $41,341  555.7 

15%  $6,014  213.1  20%  $15,300  355.2  2%  $1,847  35.5  8%  $12,524  284.2  8%  $8,632  142.1  $27,120  $10,049  $88,558  1150.8 

5%  $2,005  71.0  15%  $11,475  266  4  10%  $9,233  177.6  8%  $12,094  274.4  8%  $8,336  137.2  $26,189  $9,704  $86,733  1111.4 

0%  50  0.0  0%  $0  0.0  0%  $0  0.0  0%  $491  11.1  0%  $339  5.6  $1,064  $394  $3,511  45.1 
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Percent  by  Sub-step  Percent  by  Major  Step 


A1 

0.02122901  A 

0.15237673 

A2 

0.04599057  B 

0.07908083 

A3 

0.00517162  C 

0.21596705 

A4 

0.00725718  D 

0.09008206 

A5 

0.00308605  E 

0.3030322 

A6 

0.01297134  F 

0.09897976 

A7 

0.03097777  OTHER 

0.06048136 

A8 

0.02074268 

A9 

0.00495051 

1 

B1 

0.01488411 

B2 

0.02647257 

B3 

0.03772416 

Cl 

0.04092873 

C2 

0.08569451 

C3 

0.08586759 

C4 

0.00347621 

D1 

0.01718219 

D2 

0.00753827 

D3 

0.00753827 

D4 

0.05028507 

D5 

0.00753827 

El 

0.01860091 

E2 

0.04373917 

E3 

0.01980203 

E4 

0.00154303 

E5 

0.14620183 

E6 

0.04127598 

E7 

0.01780518 

E8 

0.00154303 

E9 

0.01252106 

FI 

0.00946722 

F4 

0.0463754 

F5 

0.00308605 

F6 

0.01158093 

F7 

0.02847015 

F8 

0 
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COSTS  %  HRS  % 


STEP  COSTS  HRS 


1169376 

15385.38 

A1 

127749.7 

1614.221 

0.027922 

0.026371 

A2 

192890.1 

2622.31 

0.042159 

0.04284  A 

0.255585 

0.251347 

A3 

65971.15 

877.965 

0.014419 

0.014343  B 

0.066648 

0.071861 

A4 

76994.56 

1097.092 

0.016828 

0.017923  C 

0.212948 

0.164932 

A5 

35840.61 

494.558 

0.007834 

0.008079  D 

0.11577 

0.12087 

A6 

155745 

2050.752 

0.03404 

0.033503  E 

0.227346 

0.255439 

A7 

173958.5 

2307.854 

0.038021 

0.037703  F 

0.10835 

0.122186 

A8 

181221 

2363.746 

0.039609 

0.038616  OTHER 

0.013352 

0.013364 

A9 

159005.7 

1956.885 

0.034753 

0.031969 

304936.5 

4398.734 

1 

1 

B1 

49718.89 

757.3421 

0.010867 

0.012373 

B2 

175363.9 

2393.822 

0.038328 

0.039107 

B3 

79853.69 

1247.57 

0.017453 

0.020381 

974301.5 

10095.78 

Cl 

193870.4 

1989.799 

0.042373 

0.032507 

C2 

292879.6 

3055.608 

0.064013 

0.049919 

C3 

327119.8 

3544.478 

0.071497 

0.057905 

C4 

160431.7 

1505.891 

0.035065 

0.024601 

529682.1 

7398.659 

D1 

126447.8 

1634.86 

0.027637 

0.026708 

D2 

83454.31 

1209.665 

0.01824 

0.019762 

D3 

135285.6 

1836.593 

0.029569 

0.030004 

D4 

159778.3 

2310.628 

0.034922 

0.037748 

D5 

24716.02 

406.9129 

0.005402 

0.006648 

1040173 

15635.85 

El 

136562.4 

1826.25 

0.029848 

0.029835 

E2 

190359.5 

3185.622 

0.041606 

0.052043 

E3 

140188.4 

2233.633 

0.03064 

0.03649 

E4 

74289.6 

1048.206 

0.016237 

0.017124 

E5 

225135.7 

3233.887 

0.049207 

0.052831 

E6 

100038.5 

1565.335 

0.021865 

0.025573 

E7 

102207.4 

1508.346 

0.022339 

0.024642 

E8 

14913.49 

256.9976 

0.00326 

0.004199 

E9 

56478.35 

837.9586 

0.012344 

0.01369 

495733.8 

7479.206 

FI 

114147.1 

1611.459 

0.024949 

0.026326 

F4 

138367.3 

1887.888 

0.030242 

0.030842 

F5 

10177.85 

181.8833 

0.002225 

0.002971 

F6 

43977.23 

627.7638 

0.009612 

0.010256 

F7 

125894.6 

2291.092 

0.027516 

0.037429 

F8 

63169.64 

879.12 

0.013807 

0.014362 

Other 

61090.8 

818.0047 

0.013352 

0.013364 

4575294 

61211.62 

1 

1 .000986 
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COSTS  %  HRS  % 


STEP  COSTS  HRS 


1069984 

13556.1 

A1 

119653.1 

1488.915 

0.029337 

0.028323 

A2 

172338.3 

2217.284 

0.042255 

0.042178  A 

0.262343 

0.25787 

A3 

58548.79 

748.2184 

0.014355 

0.014233  B 

0.065841 

0.070161 

A4 

70106.87 

971.7854 

0.017189 

0.018486  C 

0.220793 

0.173718 

A5 

29779.68 

382.5713 

0.007301 

0.007277  D 

0.110548 

0.114338 

A6 

137974.8 

1707.885 

0.033829 

0.032488  E 

0.216469 

0.243631 

A7 

159987.6 

2044.907 

0.039226 

0.038899  F 

0.109027 

0.124722 

A8 

170685.3 

2162.959 

0.041849 

0.041145  OTHER 

0.014978 

0.01556 

A9 

150909.1 

1831.578 

0.037 

0.034841 

268538.6 

3688.334 

1 

B1 

45521.52 

674.4621 

0.011161 

0.01283 

B2 

148798.8 

1880.262 

0.036483 

0.035767 

B3 

74218.31 

1133.61 

0.018197 

0.021564 

900520.3 

9132.296 

Cl 

182794.6 

1852.159 

0.044818 

0.035233 

C2 

273254.6 

2820.288 

0.066998 

0.053649 

C3 

293043 

3064.958 

0.071849 

0.058303 

C4 

151428 

1394.891 

0.037128 

0.026534 

450879.1 

6010.715 

D1 

115565.5 

1446.604 

0.028335 

0.027518 

D2 

67577.48 

932.6089 

0.016569 

0.01774 

D3 

122704.2 

1625.249 

0.030085 

0.030916 

D4 

134604.3 

1837.324 

0.033003 

0.03495 

D5 

10427.52 

168.9289 

0.002557 

0.003213 

882886.7 

12807.57 

El 

126449.2 

1641.546 

0.031003 

0.031226 

E2 

142956.5 

2235.462 

0.035051 

0.042524 

E3 

116536.9 

1794.073 

0.028573 

0.034128 

E4 

61520.99 

830.6456 

0.015084 

0.015801 

E5 

210450.7 

2999.455 

0.051599 

0.057057 

E6 

84442.42 

1260.751 

0.020704 

0.023983 

E7 

84584.35 

1206.426 

0.020739 

0.022949 

E8 

7185.175 

129.1256 

0.001762 

0.002456 

E9 

48760.4 

710.0866 

0.011955 

0.013508 

444675.5 

6556.574 

FI 

100011.6 

1380.579 

0.024521 

0.026262 

F4 

127841 

1710.288 

0.031345 

0.032534 

F5 

8743.751 

151.6913 

0.002144 

0.002886 

F6 

41173.46 

565.6038 

0.010095 

0.010759 

F7 

106943.3 

1940.332 

0.026221 

0.03691 

F8 

59962.41 

808.08 

0.014702 

0.015372 

Other 

61090.8 

818.0047 

0.014978 

0.01556 

TOTAL 

4078574 

52569.6 

1 
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COSTS  %  HRS  % 


STEP  COSTS  HRS 


26101.87 

626.04 

A1 

1096.123 

26.64 

0.007278 

A2 

7330.153 

186.48 

0.048672 

A3 

403.4533 

8.88 

0.002679 

A4 

3496.443 

79.92 

0.023216 

A5 

403.4533 

8.88 

0.002679 

A6 

1788.793 

44.4 

0.011878 

A7 

6970.478 

164.28 

0.046284 

A8 

3516.843 

79.92 

0.023352 

A9 

1096.123 

26.64 

0.007278 

18369.9 

421.8 

B1 

2192.247 

53.28 

0.014556 

B2 

12547.4 

284.16 

0.083314 

B3 

3630.258 

84.36 

0.024105 

17035.59 

390.72 

Cl 

1788.793 

44.4 

0.011878 

C2 

2192.247 

53.28 

0.014556 

C3 

11440.74 

257.52 

0.075966 

C4 

1613.813 

35.52 

0.010716 

18843.89 

455.544 

D1 

2887.455 

69.264 

0.019173 

D2 

4272.795 

104.784 

0.028371 

D3 

2684.459 

65.712 

0.017825 

D4 

6314.718 

150.072 

0.04193 

D5 

2684.459 

65.712 

0.017825 

51500.15 

1087.8 

El 

4097.815 

95.904 

0.027209 

E2 

14305.25 

328.56 

0.094986 

E3 

10399.29 

222 

0.069051 

E4 

1418.433 

26.64 

0.009418 

E5 

1991.789 

47.952 

0.013225 

E6 

9580.73 

215.784 

0.063616 

E7 

6291.323 

133.2 

0.041774 

E8 

1712.943 

39.072 

0.011374 

E9 

1702.573 

39.072 

0.011305 

18751.7 

420.912 

FI 

2803.773 

62.16 

0.018617 

F4 

2803.773 

62.16 

0.018617 

F5 

1434.096 

30.192 

0.009522 

F6 

2803.773 

62.16 

0.018617 

F7 

5699.06 

133.2 

0.037842 

F8 

3207.227 

71.04 

0.021296 

TOTAL 

150603.1 

3402.816 

0.007829 
0.054802  A 

0.173316 

0.183977 

0.00261  B 

0.121976 

0.123956 

0.023486  C 

0.113116 

0.114823 

0.00261  D 

0.125123 

0.133873 

0.013048  E 

0.341959 

0.319676 

0.048278  F 

0.023486 

0.007829 

0.124511 

0.123695 

0.015658 

0.083507 

0.024791 

0.013048 

0.015658 

0.075678 

0.010438 

0.020355 

0.030793 

0.019311 

0.044102 

0.019311 

0.028184 

0.096555 

0.06524 

0.007829 

0.014092 

0.063413 

0.039144 

0.011482 

0.011482 

0.018267 

0.018267 

0.008873 

0.018267 

0.039144 

0.020877 
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COSTS  %  HRS  % 


STEP  COSTS  HRS 


73290.97 

1203.24 

A1 

7000.471 

98.66667 

0.020226 

A2 

13221.63 

218.5467 

0.0382 

A3 

7018.911 

120.8667 

0.020279 

A4 

3391.246 

45.38667 

0.009798 

A5 

5657.475 

103.1067 

0.016346 

A6 

15981.38 

298.4667 

0.046173 

A7 

7000.471 

98.66667 

0.020226 

A8 

7018.911 

120.8667 

0.020279 

A9 

7000.471 

98.66667 

0.020226 

18027.99 

288.6 

B1 

2005.125 

29.6 

0.005793 

B2 

14017.74 

229.4 

0.0405 

B3 

2005.125 

29.6 

0.005793 

56745.67 

572.76 

Cl 

9287.005 

93.24 

0.026832 

C2 

17432.71 

182.04 

0.050367 

C3 

22636.1 

222 

0.0654 

C4 

7389.855 

75.48 

0.021351 

59959.12 

932.4 

D1 

7994.806 

118.992 

0.023099 

D2 

11604.03 

172.272 

0.033526 

D3 

9896.889 

145.632 

0.028594 

D4 

18859.36 

323.232 

0.054488 

D5 

11604.03 

172.272 

0.033526 

105786.6 

1740.48 

El 

6015.376 

88.8 

0.01738 

E2 

33097.73 

621.6 

0.095626 

E3 

13252.27 

217.56 

0.038288 

E4 

11350.18 

190.92 

0.032793 

E5 

12693.18 

186.48 

0.036673 

E6 

6015.376 

88.8 

0.01738 

E7 

11331.74 

168.72 

0.03274 

E8 

6015.376 

88.8 

0.01738 

E9 

6015.376 

88.8 

0.01738 

32306.53 

501.72 

FI 

11331.74 

168.72 

0.03274 

F4 

7722.519 

115.44 

0.022312 

F5 

0 

0 

0 

F6 

0 

0 

0 

F7 

13252.27 

217.56 

0.038288 

F8 

0 

0 

0 

0.018832 

0.229661 
0.055085 
0.109322 
0.177966 
0.332203 
0.095763 

0.02307 

0.018832 

0.00565 

0.043785 

0.00565 

0.017797 
0.034746 
0.042373 
0.014407  . 

0.022712 

0.032881 

0.027797 

0.061695 

0.032881 

0.016949 

0.118644 

0.041525 

0.036441 

0.035593 

0.016949 

0.032203 

0.016949 

0.016949 

0.032203 

0.022034 

0 

0 

0.041525 

0 


0.041714  A 
0.02307  B 
0.008663  C 
0.01968  D 
0.056968  E 
0.018832  F 


0.211752 

0.052086 

0.163949 

0.173234 

0.305638 

0.09334 


TOTAL  346116.9  5239.2 
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